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REACTION TIME AND ATTENTION 
AFTER Cl.OSED HEAD INJURY 
A. H. VAN ZOMEREN 
REACTION TIME AND ATTENTION 
AFTER CLOSED HEAD INJURY 

STELLINGEN BEHORENDE BIJ HET PROEFSCHRIFT VAN A.H. VAN ZOMEREN 
I. Door haar voorkeur voor proefpersonen met goed gelokaliseerde 
lesies heeft de neuropsychologie frekwent voorkomende ziektebeelden 
met een diffuus neuro-anatomisch substraat verwaarloosd. 
2. Bij zorgvuldig psychologisch onderzoek vallen zelfs twee jaar na 
een trauma capitis tekorten vast te stellen, die de betrokkene 
ertoe dwingen zich meer dan anderen in te spannen om het dagelijks 
leven het hoofd te bieden. 
3. Bij onderzoek naar de snelheid van informatieverwerking bij mensen 
met hersenletsel dient men rekening te houden met een mogelijke 
traagheid van de motoriek, zelfs bij afwezigheid van klinisch 
aantoonbare motorische defekten. 
4. De mentale restverschijnselen van een trauma capitis vallen in drie 
brede kategorieen: geheugendefekt•en, traagheid, en persoonlijkheids­
veranderingen. Deze restverschijnselen kunnen gedissocieerd voorko­
men, zodat een unitaristische opvatting van "het post-traumatische 
syndroom" niet gerechtvaardigd is. 
5. Alleen bij een verwaarloosde patient kan het denkbeeld van 
"een verwaarloosde hersenschudding" postvatten. 
6. De post-traumatische neurose wordt gekenmerkt door angst en depressie, 
en niet door de behoefte aan materiele winst. De term "rente-neurose" 
berust in dit verband op een vooroordeel, en hoort niet thuis in 
wetenschappelijke teksten. 
7. Uit het Arrest van de Hoge Raad dd. 9-6-1972 valt af te leiden, dat 
ook een post-traumatische neurose in juridische zin als oorzakelijk 
gevolg van het primaire trauma dient te worden beschouwd, wanneer de 
wettelijke aansprakelijkheid voor toegerichte schade in het 
geding is. Lit.: Nederlandse Jurisprudentie 1972, 
bldz. I 138 e.v. 
8. Wetenschappelijk onderzoek naar de rijvaardigheid van mensen die 
meer of minder hersteld zijn van hersenstoornissen zou van groot 
maatschappelijk belang zijn. 
9. De overheid doet er verstandig aan om gelden te investeren in onder­
zoek naar de mogelijkheden van revalidatie van kognitieve defekten 
als gevolg van hersenletsel. Vooruitgang op dit terrein zou een aan­
zienlijke pay-off in zowel ekonomische als humanitaire zin inhouden. 
IO. De theorieen van Prlwytzkofsky krijgen gewoonlijk niet de aandacht 
die zij verdienen. 
II. Vrouwen denken niet trager dan mannen. Studies die op grond van reak­
tietijdenonderzoek het tegendeel beweren hebben onvoldoende rekening 
gehouden met het feit, dat vrouwen de gevraagde respons trager uit­
voeren, bij een vergelijkbare decisietijd. 
12. De opleiding in de psychologie zou er meer dan thans op gericht moeten 
zijn om psychologen af te leveren die eksperimentele methoden kunnen 
integreren in klinisch-psychologisch werk. 
13. Het thuis werken van wetenschappelijke medewerkers in kantooruren 
moet als een vorm van elitair gedrag worden afgewezen. 
14. Schoolpsychologen en orthopedagogen dringen te vaak aan op het uit­
voeren van een EEG. Problemen op gedragsniveau worden hoogstens ten 
dele verklaard, en in genen dele opgelost, door een registratie 
op elektrofysiologisch niveau. 
IS. Een goed hoorkollege is een onvervangbare vorm van onderwijs, omdat 
het verreweg de beste methode is om enthousiasme voor een vakgebied 
op een volgende generatie over te brengen. 
16. Liefde tot de natuur korreleert niet met politieke richting. 
Verenigingen tot natuurbehoud kunnen daardoor putten uit een 
zeer groot reservoir van belangstellenden, en zij doen er ver­
standig aan om waar mogelijk een politiek neutraal image te 
bewaren. 
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I • I . NEUROPSYCIIOLOGY AND HEAD INJURY 
Western society has seen an ever increasing number of head injuries, 
which is due mainly to the intensification of road traffic. This 
process is reflected in medical and psychological literature on the 
topic. In particular the last decade has produced many papers des­
cribing sequelae of traumatic damage to the central nervous system, 
while several congresses and symposia have been dedicated to head 
injury (Walker, Caveness and Critchley, 1969; Ciba Foundation Sym­
posium, 1975). The general interest in the subject is understandable, 
considering the fact that the major part of the victims consists of 
young, previously healthy people who become acutely disabled, and 
who will have to live for many years with any residual deficits. 
Moreover, through improved care there is a growing number of severely 
disabled survivors for whom there is hardly a place in traditional 
medical institutions and rehabilitation centres, 
The paper by Conkey (1938) may be seen as the first contribution 
of experimental psychology to the study of head injury. She was able 
to confirm with quantitative methods the symptoms that had been 
pointed out by what she honoured as "keen observers", dating back 
as far as Hippocrates. Among these symptoms she counted memory 
impairment, the loss of power to sustain attention, difficulty in 
shifting from one type of performance to another, and fatigue. In 
her conclusions she emphasizes the fact that various mental functions 
show different rates of recovery, resulting in diverging recovery 
curves. In fact, she has set the path for neuropsychological research 
on the topic as it is carried out some forty years after her publi­
cation. 
However, Conkey's work takes an isolated position in neuropsychology 
in general. Classical neuropsychology has always dwelled on higher 
cortical levels, while in recent years its main interest lies in 
functional specialization of the cerebral hemispheres, Relations 
have been emphasized between circumscribed cortical lesions and 
functional deficits, As a consequence, diseases like the dementias 
and post-traumatic states have been more or less neglected, in spite 
of their high frequency, In this context, head injury patients are 
"poor material" indeed, as they have mainly diffuse, subcortical 
and often multifocal lesions, Moreover, it is probable that 
the anatomical structures involved are functioning in a less specia­
lized and far more symmetrical manner than phylogenetically younger 
parts of the brain, a possibility that does not fit in with the 
current focusing on hemispheric specialization, 
In view of the growing interest of neurologists and neurosurgeons 
in head injury we must reconsider the aims and possibilities of psycho­
logical research. In our opinion, neuropsychology should contribute 
in a multidisciplinary approach along the following lines. First, 
psychology must objectify with quantitative methods the mental 
deficits that occur after traumatic lesions of the brain, 
Although neurological symptoms predominate in the acute stage, 
psychological symptoms become relatively more important in later 
stages of recovery, It has been demonstrated that daily living 
after head injury is affected primarily by impairment of cognitive 
functions and personality, and only to a lesser extent by physical in­
capacity (Bond, 1975), �. psychology must attempt a theoretical 
analysis of the deficits. Mere description in terms of deviation of 
the normal functional le�el will not be sufficient. A further analysis 
based on current theories of experimental psychology is necessary 
to generate hypotheses about the essence of pathological phenomena, 
We must realize that workers in the field of rehabilitation expect 
us to build a theoretical framework for their efforts, In the 
current state of affairs any piece of theory is welcome and will 
be tested for its practical relevance, On the other hand, study 
of pathological functioning might contribute to our knowledge of 
the normal functioning brain, a viewpoint that has been stressed 
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repeatedly by Luria (1966, 1973). Part of the theoretical analysis 
will be the exploration of patterns of deficits, and relations between 
disturbances in various cognitive functions. Nowadays it is generally 
accepted that former theories about a global, undifferentiated func­
tional decrease after brain lesions are no longer tenable, Even if 
we assume that the typical pattern of damage in closed head injury 
is multifocal and undifferentiated, this still does not imply necessa­
rily a global deterioration on the behavioral level. In fact, empiri­
cal data point in opposite direction: dissociations between intellec­
tual and memory functions, or between personality disorders and cogni­
tive functions have been noted (Teuber, 1969; Luria, 1973), 
�. psychology must chart the time course of recovery. Which men­
tal symptoms show recovery, and which don't? Do they recede at the 
same rate, or is recovery slower in one function than in another? 
What is the relation with the severity of the injury? When recovery 
curves are constructed by repeated testing of groups of patients, it 
should be possible to predict the final outcome of mental recovery 
on the basis of measurements in an early stage. Horeover, only when 
the til'le course of "natural recovery" is known the possibility arises 
of evaluating the benefits of rehabilitation programs, 
1, 2 OVERVIEW OF THIS STUDY 
The first aim of this study was an attempt to objectify one aspect 
of the head injury syndrome, i.e slowness of thought. This symptom 
was stressed by Meyer (1904) and has since been investigated in a 
few studies using visual reaction time (Norrmann and Svahn, 196 1; 
Miller, 1970; Klensch, 1973). Nowadays the symptom is mostly 
referred to as a slowing down of information processing. We decided 
to study this slowing down by using visual reaction time (RT) but 
we were then confronted with the question of what kind of task looked 
most promising. For example, there was no consensus in general 
neuropsychology whether simple or choice reactions were most sensi-
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tive to brain damage (Blackburn and Benton, 1955), A pilot 
study was carried out, in which a simple visual reaction was com­
pared with various choice reaction tasks. It turned out 
that both the simple reaction and a four-choice reaction were use­
ful in the testing of head injury patients, We then started a longi­
tudinal investigation, covering a period of two years after injury, 
The aim of this time-consuming enterprise was the construction of 
recovery curves for both simple and choice RT. At the same time 
some relations with neurological data, clinical outcome and social 
outcome were studied, After completing the follow-up on 57 patients, 
we felt the need for a further analysis of one outstanding complaint 
in our subjects: problems in concentrating on a task, or an increased 
distractability. Thus we started using RT for an analysis of deficits 
in focused attention, with new equipment that enabled us to split up 
reaction time in a decision component and a movement component. 
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2. THE HEAD INJURY SYNDFOME 
2. I MECHANISMS AND PATHOPHYSIOLOGY OF HEAD INJURY 
In brain damage resulting from closed head injury one can distinguish 
primary and secondary effects. The primary effects are in principle 
mechanical and come into being at the moment of impact. They result 
from sudden acceleration or deceleration of the head, and from 
rotational movements of the brain within the skull. The secondary 
effects are due to ischeITTic or anoxic lesions and edema caused a. o. 
by disturbances in the autoregulation of the cerebral blood flow, and 
to intracranial hematoma (Strich, 1969). 
According to Adams and Graham (1972) two hypotheses have been advanced 
to account for immediate brain damage: the skull distortion/ head ro­
tation hypothesis, and the translation / cavitation hypothesis. The 
first one states that damage is due to rotational acceleration forces 
that cause the brain to glide in its dural compartment. This motion is 
relatively free except were the brain is confined by bony structures, 
like the anterior and middle cranial fossae. Here shear-strains will 
develop causing laceration of the brain and tearing of blood vessels. 
The hypothesis was elaborated by Holbourn (1943), and accounted satis­
factorily for lesions observed in fatal cases of head injury. 
Moreover, the theory was confirmed by means of experimental concus­
sions in monkeys fitted with lucite calvaria, permitting direct obser­
vations of the brain at the moment of impac� (Pudenz and Shelden,1946). 
A new element was introduced in this theory by Ommaya and Gennarelli 
(1974), who stated that the rotational components of accelerative trau­
ma produce a graded centripetal progression of diffuse cortical-subcor­
tical disconnexion phenomena, which is always maximal at the periphery 
and enhanced at sites of structural inhomogeneity. Their conclusions 
were confirmed by Gurdjian and Gurdjian (1976). 
The second hypothesis has fared less well in general, It stated, that 
the impact caused a pressure gradient in the brain. At the site of the 
impact there is an increased pressure on the surface of the brain, in 
accordance with the law of inertia: either the brain tends to continue 
s 
its movement when the skull is suddenly arrested, or the brain is 
smashed by the accelerating skull. At the antipole a reduced pressure 
will develop, causing damage by cavitation. This mechanism seemed 
to explain both coup and contre-coup lesions, at the site of impact 
and diametrically opposite respectively. 
Ommaya and his co-workers (1974) in testing both hypotheses 
by comparing predicted and actual locations of lesions in primates 
after frontal and occipital injuries, concluded that cavitation 
was not a significant cause of coup and contre-coup contusions. 
In their view, skull distortion and head rotation explain the inju­
ries better than either rotation alone or the translation/cavitation 
hypothesis. Gurdjian and Gurdjian (1976) pointed out, that if 
negative pressure and cavitation were frequent causes of contrecoup 
contusions, they should be seen commonly in the occipital poles of the 
hemispheres with frontal impacts. However, this is not the case. The 
authors therefore assign a minor role to pressure gradients only, 
stating that a few contusions may be aided in formation by negative 
pressure effects. 
The mechanisms described above result in lacerations and contusions 
that are macroscopically visible. Contusions affect particularly 
the frontal poles, the orbital gyri, the cortex above and below the 
Sylvian fissures, the temporal poles and the inferior aspects of the 
temporal lobes. The lesions characteristically affect the crests of 
gyri, although they rnay extend into the sulci and the adjacent white 
matter (Adams and Graham, 1972). Apart from this macroscopically visi­
ble damage, extensive diffuse damage in the white matter of the brain 
has been demonstrated in histological studies (Strich, 1956; Oppenhei­
mer, 1968; Adams et al, , 1977). The phenomenon was first described in 
detail by Strich, based on autopsy on brains after fatal injury: in 
subcortical white matter numerous swellings were visible near the ends 
of nerve fibers torn by shearing forces. These axonal "retraction balls" 
were found throughout the brain, even in the corpus callosum and brain 
stem (Adams et al, , 1977), but with a preponderance in long fibre tracts, 
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Adams empasizes the fact that diffuse damage to white matter may occur 
in the absence of a high intracranial pressure, and in the absence 
of ischemic or hypoxic brain damage. He concludes that diffuse damage 
can occur as a primary event in head injury. Oppenheimer (1968) 
reported diffuse microscopic lesions even in 5 cases of clinically 
trivial injuries, who died from fat embolism or pneumonia. 
According to Adams et al. it seems quite probable that many of the 
milder and transient forms of cerebral dysfunction in those who survive 
are due to a tranEient failure of conduction of nerve fibers within 
the brain, rather than to focal damage to individual groups of neurons. 
If this is taken for granted, one might as well say that there exist 
only gradual differences in the amount of diffuse damage, in the range 
from very mild to fatal head injuries. 
It seems then that primary, mechanical damage to the brain by head 
injury is explained satisfactorily by current theories. The question 
of secondary damage has not yet been solved to the same degree. 
Multiple small vascular lesions are often found at autopsy after fatal 
injuries. The pathogenesis of these petechial hemorrhages is unclear 
(Strich, 1969). Factors that have been considered include spasm of 
blood vessels, hypotension, and a rise in intracranial pressure combi­
ned with a disturbed autoregulation of the cerebral blood flow, resul­
ting in ischemic lesions. Graham, Hume Adams and Doyle (1978) 
studied ischernic brain damage in 138 cases of fatal blunt head 
injuries. The hippocampus in particular was affected frequently (81%) 
while in addition the basal ganglia had sustained ischemic damage in 
79% of cases, the cerebral cortex in 46% and the cerebellum in 44%. 
The authors concluded that the damage was due to a critical reduction 
in the regional cerebral blood flow (especially in the presence of 
steal phenomena), and related this reduction to changes in cerebral 
perfusion pressure by systemic hypotension or raised intracranial 
pressure. Taylor (1969) has demonstrated a slowing of cerebral 
circulation and decreased cerebral blood flow after head in-
jury. As possible explanations vasoconstriction and increased permea­
bility are considered. The effect of reduced blood flow will be inten-
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sified if the oxygen content of the blood is reduced, e.g. as a result 
of multiple injuries, chest injuries, respiratory insufficiency due 
to airway obstruction, pulmonary edema etc, 
Another notorious complicating factor after head injury is cerebral 
edema (Strich, 1969). Regional edema occurs in the white matter sur­
rounding lacerations, contusions, infarctions and intracerebral herna­
tornas. It affects mainly the central white matter of the hemispheres, 
sparing the compact fiber tracts such as the corpus callosurn and the 
internal capsule (thus, edema causes damage along a different pattern 
than the rotational forces leading to shearing of nerve fibers). 
Extensive edema may result in tentorial herniation and brain stern 
compression. Petechial hemorrhages in the brain stern have been 
found as a result of herniation (Adams and Graham, 1972). According 
to these authors, cerebral swelling is difficult to explain satis­
factorily. Possible explanations are vascular dilatation due to 
vasomotor paralysis, and increased vascular permeability resulting 
from the effect of shear strains on small vessels at the time of 
injury, Thus, post-traumatic cerebral edema must be seen as vasogenic, 
that is, resulting from a focal breakdown of the blood-brain barrier 
(Go, 1975), In addition, cytotoxic edema may occur when cell metabo­
lism is disturbed by anoxia, It must be noted, that vasogenic edema 
is in principle reversible, and that the main risks of this 
post-traumatic complication lie in herniation and local disturbances 
of cerebral circulation, The latter mechanism may result in focal 
cytotoxic edema, as pointed out above. 
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2. 2 SYMPTOMS AND COtiPLAINTS 
In the early stages following head injury a variety of neurological 
symptoms play a dominant role: there is a loss of conciousness proba­
bly due to disturbance of brain-stem functions. When spontaneous motor 
activity returns, there may be pyramidal and extrapyramidal motor de­
ficits, and disturbances in coordination. Frequently there are signs 
of damage to cranial nerves, anosmia being the most common. In addi­
tion to these somatic symptoms, there may be signs on a behavioral le­
vel: amnesia in one or another form is frequently noted, and patients 
may be confused or even delirious and hallucinating. In a later stage 
of recovery the picture is mostly dominated by more subtle symptoms: 
patients are complaining of headache and dizziness, fatigue, 
emotional instability, irritability, intolerance of noise, and diffi­
culties with memory and concentration (see Table 1). 
Table 1. List of the 12 complaints that were most frequently answered 
in the affirmative by 62 head-injured patients who were 
presented with a questionnaire checking 43 possible com­
plaints. These patients were consecutively admitted to the 
Neurological Department, and had a mean duration of PTA of 
24.5 days, with a minimum of 2 hours. All of them were 
out of PTA when answering the questions. 
Frequencies are given in percents. 
Memory problems 
Fatigue 





Intolerance of bustle 
Dizziness 
Intolerance of noise 
Headache 














This syndrome, with a preponderance of complaints in the 
absence of persistent neurological signs, is commonly called the 
post-traumatic syndrome (Teuber, 1969). It has been a controversial 
topic over many decades, interpreted by some investigators as a 
neurotic reaction to the injury, by others as proof of remaining 
organic damage that escapes the usual neurological techniques of 
assessment, 
There are a few classic papers making a strong case, at first glance, 
for the psychogenic interpretation. Denny-Brown (1945) studied the 
association of various features of head injury with the resulting· 
absence from employment, He concluded, that the symptoms associated 
with prolonged disability, whether the injury had been severe or mild, 
were predominantly mental symptoms related to anxiety. Neurological 
features indicative of severity of injury, and those of psychological 
stress (initial excitement or apathy, occupational worries, anxiety 
about compensation) were intermingled. Denny-Brown states that the 
extensive association between head injury and psychiatric factors in­
dicates possibilities for lessening disability by psychiatric treat­
ment. In his list of Factors of Bad Prognostic Significance, "questions 
of compensation or ligitation" appear between "Other disease of injury 
complicating convalescence" and "Fracture of the skull". The author 
notes that impact with a vehicle results in longer disability than 
recreational and domestic accidents, and suggests that this reflects 
a significant relationship to the question of compensation. 
Miller (1961, 1966) coined the term "accident neurosis" based on 
his experience as a medical adviser to an insurance company. He repor­
ted on 200 patients seen for medico-legal assessment, and estimated 
that the compensation issue contributed to disability in one quarter 
to one third of all patients when the accident had fulfilled two crite­
ria: when someone else was at fault in the patient's view, and when 
payment of financial compensation was at least a possibility. Patients 
of low social status were particularly affected, and neurotic dis­
ability was twice as common after industrial as after road traffic 
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accidents, According to Miller, neurotic disability was inversely rela­
ted to the actual severity of head injury. In a follow-up study (1969) 
he noted that disability abruptly disappeared as soon as the compen­
sation issue was settled, whether or not with a positive result for 
the plaintiff, He characterizes the symptomatology of accident neuro­
sis as representing the layman's idea of a "nervous breakdown". 
Nevertheless, he states that it should not be conceived as a homoge­
neous syndrome: it represents a spectrum ranging from gross conversion 
hysteria at one end of the scale to frank malingering on the other. 
The reports by Denny-Brown and Hiller have been frequently quoted 
in later literature on the subject, which suggests that they have con­
tributed heavily to the psychogenic interpretation of post-traumatic 
complaints. Nevertheless, the studies seem to lack certain methodo­
logical and statistical qualities. For example, the Miller report is 
restricted to a highly selective sample of head injury victims clai­
ming compensation from an insurance company, Therefore, duration of 
disability in his subjects cannot be compared to duration of disability 
in a control group of patients without such claims, Moreover, Miller 
does not make clear what criteria were used to classify patients as 
"neurotic", thus leaving the possibility that they were placed in this 
category by sheer lack of neurological signs, Denny-Brown supposes, 
that compensation procedures after a road traffic accident explain the 
long period of disability, as compared to disability after sport or 
domestic accidents, This comparison is not based on samples matched 
for severity of injury, and ignores the possibility that traffic 
injuries result from a more powerful impact causing more severe and 
longer lasting symptoms, 
In 1969 Critchley stated, that the opinion was once again swinging in 
the direction of a concept of underlying organic change, He related 
this change partly to the publication by Stri�h (1956) on diffuse 
damage to cerebral white matter, partly to studies like the one by 
Toglia (1969) who reported that few patients with dizziness after clo-
11 
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sed head injury show normal electronystagmographic findings. In addi­
tion, it was demonstrated (Gronwall and Wrightson, 1975) that repea­
ted minor injuries have a cumulative negative effect on patients who, 
apparently, showed a good recovery, This cumulative effect points 
to residual subclinical deficits that may exist even after trivial in­
juries, This evidence is in line with the well-known deterioration of 
boxers who have been knocked punch-drunk on numerous occasions (Roberts, 
1969; Unterharnscheidt, 1975). Russell likewise pointed (1974) to the 
probability of organic damage in minor head injury: "From this point of 
view, there is probably no such thing as complete recovery from acce­
leration concussion of severity sufficient to cause loss of concious­
ness". 
At the psychological level Teuber (1969) has demonstrated that resi­
dual deficits can be found with the use of special techniques, defi­
cits that would go unnoticed in the traditional psychological examina­
tion. Likewise, Gronwall and Sampson showed (1974) that even after 
minor head injuries patients perform slower than controls on an ob­
jective task (paced serial addition). This slowing down lasted several 
weeks in cases of head injury with a lenght of post-traumatic 
amnesia (PTA) up to 7 days, in spite of their generally good outcome. 
Nevertheless, the controversy is far from settled, First, even when 
a deficit has been objectified, its etiology may still be questionable. 
Second, it may be stated that any patient will show some kind of emo­
tioruil reaction to his' sudden disability. This causes an interaction 
in which contributing factors are extremely difficult to disentangle, 
Lishman (1978) states that the most common symptoms of post-traumatic 
neuroses are "a variety of complaints including headaches and dizzi­
ness, which may be the subject of anxious introspection and hypochon­
driacal concern" (emphasis by present author). One need not follow 
Lishman in classifying headache and dizziness after head injury as 
neurotic symptoms, but it will be clear that they can cause anxiety 
in some patients. Kelly (1975) has emphasized iatrogenic factors per-
petuating posttraumatic complaints: members of the medical profession 
who deny or treat symptoms as of little importance may well contribute 
to a lengthened dysability. On the other hand, a failure to reassure 
the patient about his symptoms and the time course of recovery may 
have the same effect. The prejudice about the post-traumatic syndrome 
is well illustrated by Kelly's observation that some doctors refused 
treatment, considering it useless untill financial claims had been 
settled. 
Recently Minderhoud et al. (1980) demonstrated the favourable 
effects of systematic information, explanation and encouragement. The 
number and frequencies of post-concussional sequelae were markedly 
reduced in a sample of 180 patients with minor head injuries, when 
compared with a sample of 352 patients who in previous years had been 
treated in the conventional way. The authors concluded that their fin­
dings were in agreement with the hypothesis that post-concussional se­
quelae start off on an organic base, while long lasting sequelae after 
minor head injuries may be caused by psychogenic, and especially, 
by iatrogenic factors. 
In a wider social context, it must be noted that the head injury 
patient often shows no visible deficits. This may result in demands 
from his environment that surpass his capacities, and thereby produce 
a secondary psychological stress. On an anecdotical level, this dis­
crepancy is illustrated by patients stating that they would rather 
have a broken leg in plaster - a post-traumatic sign that would not 
be lost on neighbours and colleagues. The disturbed balance between 
demands and capacities was mentioned by Goldstein (1952) as a factor 
that in itself may contribute to neurotic reactions, or at least to 
psychological stress. 
In view of the still vivid controversy neuropsychology should try 
to contribute, along with medical disciplines, to the knowledge of 
the sequelae of closed head injury. Although we prefer to concentrate 
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on cognitive deficits, this does not mean that we take sides in the 
historical controversy "neurotic or organic". In our opinion this is 
a fruitless dichotomy, as it can never be demonstrated that a given 
pattern of complaints is either purely organic o r  psychogenic. In 
working with head injury patients one is impressed time and time 
again by the complex interaction between a ·person's deficits and his 
reactions towards them. However, at the current state of affairs we 
feel the need to explore the subtle but ubiquitous deficits in cogni­
tive functions, following the tradition of Conkey and her con­
temporaries, 
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3. REACTION TIHE AFTER CLOSED HEAD INJURY: A REVIEW 
3. 1 INTRODUCTION 
We will now present a chronological review of literature on reaction 
time in head injured patients. In doing this, we will consistently 
quote information about the severity of injury, or at least try to 
estimate this variable when precise information is lacking in the 
papers. The Russell classification of severity, based on duration 
of post-traumatic amnesia, will be the frame of reference (Russell 
and Smith, 1961; see Appendix 1). Duration of PTA is defined as the 
interval between the injury and the time taken to attain continuous 
day-to-day memory (Russell and Nathan, 1946; Brooks, 1972). 
Assuming that there is always some degree of recovery in post-trauma­
tic deficits, we will likewise try to give information on the inter­
val between injury and psychological testing. Reaction time will be 
referred to with the abbreviation RT, and for ease of reading RT will 
always be expressed in milliseconds. 
3.2 PROLONGED REACTION TIMES 
RT \ms a popular topic iu the early days of experimental psychology, 
aPd already in 1874 the method was applied by Obersteiner in a clinical 
investigation. He described it as a new, simple way of testing the 
mental capacities of psychiatric patients. In 1922 two French studies 
appeared reporting prolonged RT in post-encephalitic patients (cited 
in Blackburn and Benton, 1955) . As mental slowness was an outstanding 
feature of the head injury syndrome, according to early clinical 
observers, RT seemed an adequate method of investigation to Ruesch 
(1944) . Ile was·the first to use the technique in a study of head 
injured patients, with the exclusion of psychiatric patients and neuro­
logical patients with different etiologies. 
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Ruesch determined simple visual reac tion time in a series of 25 
patients with recent head injuries, in 32 chronic patients suffering 
from prolonged post-traumatic syndromes, and in 25 control subjects , 
The author wanted to inquire the value of visual functions as indica­
tors of structural brain damage in post-trauma tic conditions, According 
to Ruesch these conditions are characterized by a scarcity of neurolo­
gical signs while the clinical pic ture is, in addition, "often compli­
cated by psychogenic superstructure". In his article, no precise 
information is given on the severity of injury in his samples, but 
the author refers to a second paper (Ruesch, 1944B) in which a larger 
series is described, Assuming that his samples for the first study 
were random selections from the larger series, one can estimate that 
half of his acute patients had shown desorientation lasting 3 days or 
more , The interval between injury and test is not given, but it seems 
to have been less than 6 months. One third of the chronic cases had 
shown a desorientation of 3 days or more, and these patients were tes­
ted from 6 months to 5 years after the accident, The control subjec ts 
were hospital employees, who were unfortunately considerably younger 
than both patients groups (mean age 28.6 years; acute cases 45, 3 years 
and chronic cases 37.3 years), The subjects were facing a flash-light 
bulb, and were instructed to press a hand push-but ton as soon as they 
perceived a light, The values obtained were; acute cases 540 msec, 
chronic cases 450, controls 300 �) . Both patient groups were signifi­
cantly slower than the control group, but the difference between chro­
nic and acute cases did not reach significance, Ruesch concluded, that 
visual �xamination methods, including visual RT, had a definite place 
in clinical procedures, since they might reveal defects and show impro­
vement where other methods failed, Besides prolonged RT ' s  Ruesch also 
found that his patients required longer exposure times for identifying 
tachistoscopically presented digit figures and geometrical designs, 
Dencker and Lofving (1958) tested RT in 27 monozygotic twins in which 
one member had sustained a closed head injury, the partner serving as 
a control subject, Two thirds of the patients had shown a PTA of one 
� )  In this study RT was recorded in tenths of a second. 
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hour or less . They were tested at an average interval of I O  years 
after injury, which forces us to assume that many of the mild injury 
cases had recovered more or less complete ly .  At testing, no signi­
ficant intrapair differences were found in two simple reaction tasks . 
Mean RT to light was 229 in the probands, and 227 in their partners . 
l1ean RT to sound was 198 in the probands, and 20 1 in the control group . 
These data may be taken as an indication of satisfactory recovery in 
the Dencker and Lofving sample as a whole, and/or as a sign of the 
relative mildness of the injuries . 
Three years later another Swedish report on RT after head injury was 
published (Norrman and Svahn, 196 1 ). The investigators tested 22 
patients with an initial period of unconsciousness of one week or 
more. In terms of Russell's classification, based on lenght of PTA, 
all patients mus t be described as cases of very severe concussion 
(Russell, 1932) . Subjects were tested at least two years after the in­
jury Performance on a simple visual reaction and a visual 3-choice 
reaction was scored with stanine scores '), derived from a normal po­
pulation. The average score on the simple reaction was perfectly normal, 
that is, stanine 5 . 2 with a SD of 2 . 66 .  The score on the choice reaction 
was 3 . 0  with a SD of 1 . 97, which differed significantly ( p ( . 00 1) 
from normal average achievement. Comparison of the head injury group 
with a control group of neurotic patients yielded the same results: no 
difference in simple RT, significant difference in choice RT . The 
authors did not present exact RT's in milliseconds. 
Miller (1970) tested five young adults having sustained a closed head 
injury, all as a result of road traffic accidents . They had been in 
PTA for over a �eek (very severe concussion) and were tested between 
3 and 12 months after injury. Five normal young adults, matched for 
age, sex and occupational status, served as con trols . The apparatus 
A) The word stanine is a contraction of "standard nine". It refers 
to a scale ranging from I to 9, the mean of all values being 5 and 
the standard deviation 1 . 96 .  
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used differed markedly from instruments in earlier clinical studies, 
mainly by the use of symbolic stimuli, The subjects were standing at a 
horizontal panel that showed eight buttons in a circular array. They 
kept the index finger of their preferred hand on a central, neutral 
button untill a number appeared in a small visual display facing the 
subject. As soon as this number appeared subjects were required to re­
lease the central button and press the appropriately numbered button 
in the surrounding array. In each condition, subjects were told which 
numbers could be expected and which push-buttons were to be used, 
Miller was the first to describe clinical RT data in terms of 
information theory (Hick, 1952). The groups differed in speed of reac­
tion, the head injury group being much slower, Moreover, the extent 
of the difference increased with the complexity of the task, that is, 
with increasing number of stimulus alternatives, Analysis of variance 
accordingly revealed a significant interaction between groups and 
conditions, In terms of information theory : the more bits of informa­
tion to be processed, the greater the difference between groups. Re­
gression lines fitted to the data of both groups showed a clearly dif­
ferent slope, but they seemed to intersect the ordinate at approximately 
the same point, at the level of zero information. Hiller therefore con­
cluded that the difference between groups is attributable to decision 
making processes only, as the common intercept of the regression lines 
excluded a motor deficit in the head injury group, However, there is a 
weakness in this line of reasoning: the hypothetical processing 
of "zero" information may be assumed only, when no time uncertainty 
exists, that is, when a warning signal precedes each stimulus, The 
use of a warning signal is not described in the article, and thus 
some doubt remains about the contribution of minor motor deficits, 
None the less, the Miller study must be appreciated for reflecting the 
development in experimental psychology, This new approach is well illu­
strated in his summary: "The present results were explicable only 
in terms of a central, rather than a sensory or a motor disturbance, 
which involved the head injury subjects in having a reduced speed of 
processing information" (emphasis added). 
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The next report is remarkable, as a rather complex task seemed to have 
less discriminative power between head injury patients and controls 
than two simple tasks. Klensch (1973) studied RT in 76 patients having 
sustained a commotio cerebri. On the European continent this diagnosis 
refers to a relatively mild head injury, which is regarded as leaving 
no residual neurological symptoms. Although there is no sharp distinc­
tion, the term contusio cerebri is commonly used for more severe inju­
ries. Klensch does not give data on duration of PTA or coma in his pa­
tients, but merely states that they had been unconscious after the 
injury and had abnormal EEG's at some later occasion. It is likewise 
unclear what the average interval had been between injury and test. The 
author recorded simple auditory and simple visual RT. In addition, he 
used a choice reaction involving stimuli from different sensory modali­
ties. He instructed his subjects to react to the combination of a white 
light and a tone, while neglecting combination of the tone with a red 
light or the presentation of either a single light or the tone . RT of 
the experimental group was compared with data from 76 normal controls. 
For simple auditory RT, mean scores were 171 msec in the control group 
and 2 13 in the head injury group. The increase of 42 msec was signifi­
cant, as tested with the Wilcoxon (two-tailed, p <.O I). The mean scores 
for simple visual RT were 216 and 256 resp. , this being an increase of 
40 msec ( p <.O I ). The intermodal choice reaction resulted in much 
longer RT ' s: the mean score in the control group was 387, in the head 
injury group 423. However, the increase of RT with 36 msec was not sig­
nificant. Thus, the results are in conflict with previous comparisons 
of simple and choice RT tasks after head injury. This conflict is hard 
to explain but the unusual outcome might be due to the fact that there 
was no continuum in the procedure from simple to complex. The choice 
task was quite different from the simple ones, by demanding the subjects 
not to react to certain stimuli or combinations of stimuli. Possibly, 
this has led to different strategies in simple and choice tasks that 
have masked differences between groups. Moreover, it is possible that 
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patients maintained a reasonable speed in the choice task at the cost 
of making errors, but the article does not give information on this 
point, 
Gronwall and Sampson (1974) demonstrated that patients with cerebral 
concussion performed poorly on a paced serial addition task (PASAT). 
As even seriously concussed patients performed without error on an 
unpaced version of the same task, that is, without time pressure, 
the authors wondered whether poor performance was due to a lenghtening 
of decision processes or to lenghtening of response-production time: 
They therefore investigated visual RT in 2, 4, 6, 8 and 10 choice 
conditions, Their apparatus showed an array of ten parallel alleys, 
through which a table-tennis ball was dropped. At each trial it was 
unpredictable for both experimenter and subject which alley the ball 
would enter. Subjects were instructed to press a response key below 
the alley in which the ball appeared , These keys were numbered one to 
ten from left to right. In conditions requiring less than 10 stimulus 
alternatives, the outer alleys could be covered , In addition to the 
five tasks created as described above, the authors introduced a 
non-compatible version of the test series . That is, the ten alleys were 
now likewise numbered one to ten, but from right to left, Thus, sub­
jects no longer pressed the key of the alley in which the ball appeared, 
but had to read the number of the alley and had to find the corres­
pondingly numbered button in the opposite half of the array , Subjects 
were twelve young males with mild concussions, who were tested within 
24 hours after admission to the hospital. All had PTA durations of less 
than one hour, An equal number of Navy ratings served as a control 
group. 
To describe the results of this experiment, the information theory 
approach used by Hiller (1970) must be elaborated here. It is customary 
(Hick, 1952) to plot RT against log 1 number of stimulus alternatives 
plus one: log 1 ( n + 1 ). The slope of the function indicates rate of 
information transmission, and the intercept with the ordinate quanti­
fies simple response production time when no choice is involved, 
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In comparing regression lines from a head injury group and controls a 
steeper slope in the data of the first group indicates that decision 
times are prolonged as a result of injury. On the other hand , if the 
slopes are similar but the intercept is greater for the patient group, 
response production time or input processes unrelated to task-dif­
ficulty must be lenghtened. 
In the compatible conditions, Gronwall and Sampson found no signi­
ficant differences between groups. Although the experimental group 
reacted somewhat slower in all five tasks, the regression lines were 
almost parallel . Mean RT ' s  for both groups increased regularly with 
increasing number of stimulus alternatives, in accordance with Hick ' s  
law ,  The difference in intercepts was small, suggesting that response 
production time or movement time was almost identical in the two groups. 
With non-compatible instructions, only the 8 and 1 0  choice conditions 
revealed a significant difference between groups (11ann-\.Jhitney U-test, 
p ( , 05), An analysis of variance showed, that the patient group was 
significantly slower in overall RT ( p ( , O J  ). The interaction between 
groups and number of stimulus alternatives was insignificant , but this 
was explained by the authors as the result of a logarithmic transfor­
mation performed on the data (Winer, 1971), They concluded that an 
interaction had been demonstrated with the non-parametric analysis, in 
the non-compatible condition, In their view, the non-compatible experi­
ment had demonstrated that central processing time is significantly 
increased following concussion, The authors then pointed to the 
results reported by Hiller (1970, page 17 in the present text), who 
found a significant interaction between groups and complexity that 
was likewise explained in terms of central processing. In addition, 
they emphasized that Hiller too concluded that movement times were 
not prolonged as judged by intercept of regression lines. As noted 
on page 1 8, some doubts can be raised against the intercept reasoning 
when time uncertainty has not been reduced with a warning signal, 
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3.3 SUMMARY 
Mental slowness after head injury was noted early in history by 
clinical observers. The phenomenon has been studied on several 
occasions by means of RT, and the clinical observation has in 
general been confirmed. Choice RT tasks seem to be more sensitive 
to the effects of head injury than simple RT tasks. In four studies 
using simple RT, only two reported a significant difference 
between head injured patients and controls. The picture is 
somewhat more favorable for choice RT: here too four studies can be 
cited, and in three of them choice RT discriminated between experi­
mental and control group. In one of the studies, choice RT 
was effective only when the experimenters proceeded to a non­
compatible form of their test. The study by Klensch on mild head 
injury patients is the only report in which choice RT clearly 
failed to reveal differences between groups, groups that in his 
case could be differentiated by simple RT tasks. 
The conclusion must be, that RT seems useful in the study of 
head injury, but several questions remain to be answered. At this 
stage of our report it must be noted that the following variables 
might be critical: complexity of tasks as expressed in number of 
stimulus alternatives, compatibility of stimulus and response, 
severity of injury, and interval from injury to test. The pilot 
study described in the next chapter was aimed at the first 
variable in particular, as we felt that the literature had not 
yet answered satisfactorily the basic question of simple or 
choice RT. 
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4. EXPERIMENTS: EFFECTS OF COMPLEXITY OF TASK AND SEVERITY OF INJURY 
4, I DIFFERENTIAL EFFECTS OF SIMPLE AND CHOICE REACTION AFTER CLOSED 
HEAD INJURY 
A.H. van Zo�eren and B.G,  Deelman 
(This section was published originally as an article in Clinical 
Neurology and Neurosurgery, vol.79, nr.2, 1976, and is reproduced here 
with permission from the publisher Koninklijke Van Gorcum en Comp, B. V., 
Assen , The analyses of variance are presented here in more detail than 
in the original publication). 
It has been known for almost a century that people with brain-damage 
in general show longer reaction times (RT) than people without such 
damage, In the last two decades evidence has accumulated, mostly on 
patients with vas cular or neoplastic lesions (Blackburn and Benton, 1955; 
De Renzi and Faglioni, 1965; Karp et al, , 1971), In addition, a few 
studies have been published on reaction time after closed head injury. 
In 1961 Norrman and Svahn reported on the performance of 22 patients 
who had suffered a severe cerP.bral concussion at least two years ear­
lier and who had been in coma for at least one week after the trauma , 
In this group, a 3-choice reaction to a visual stimulus revealed a 
highly significant slowness in comparison with a control group of neu­
rotics. A simple visual reaction revealed no difference between the 
groups . Miller reported in 1970 an increasing difference in visual RT 
between a small group of five traffic victims with a closed head inju­
ry and a control group, in relation to an increase in the number of 
possible stimulus alternatives from 1 to 8, He concluded that the effect 
of the head injury must be to slow down the decision making and infor­
mation processing abilities of the subject , Finally, Klensch (1973) 
compared s imple and choice RT of normal controls with those of patients 
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who had sustained a mild cerebral concussion. Simple RT to both acoustic 
and visual signals was tested. In the choice reaction experiment there 
were five stimulus alternatives, including combinations of light and 
tone. Subjects were instructed to react only to the combination of 
white light and a tone. The difference in RT between the normal group 
and the head injury group was significant in the two simple tasks only, 
Similar discrepancies are found in studies of other patient groups. 
For example, Blackburn and Benton (1955) compared a simple visual reac­
tion and a bimanual two-choice reaction, presenting these tasks tp 30 
patients with a variety of diagnosis, neoplasm and vascular disease 
being the most frequent, The difference in RT with a control group was 
significant in both conditions, but it was greater in the simple reaction , 
Conversely, there are reports (Carson et al, , 1968; Dee and Van Allen, 
1972) of an increasing difference between groups when the number of 
stimulus alternatives was increased, These studies included patients 
with unilateral lesions and with aphasic symptoms, Thus, it is still 
not clear whether complications of the task will have a specific effect 
on patients with cerebral lesions, For the sake of brevity, we shall 
call such an effect the complexity effect (CE) . 
In our research on closed head injury patients a study of RT has been 
included, as a measure of both severity of injury and degree of reco­
very, as mental slowness is one of the outstanding features of the 
post-traumatic syndrome, We compared a simple visual reaction and four 
different choice reactions. We designed the choice reaction by combining 
the approaches of Blackburn and Benton, and Miller, That is, we presen­
ted both unirnanual and bimanual tasks, while increasing the number of 
stimulus alternatives from one to four, This investigation was an 
attempt to find an answer to two questions : is there a differential 
effect of simple and choice reactions, and which task seems most use­




The experimental group consisted of 20 patients (Ss) from the neurolo­
gical out-patient clinic who were recovering from a closed head injury, 
mostly caused by road accidents, All had been hospitalized in the Neuro­
logical Department, and had been in coma after the trauma for at least 
half an hour, They were tested when they visited the out-patient clinic 
for a check on their recovery. Eight Ss were already working again and 
free of symptoms, Three were still unfit to work because of non-neuro­
logical damage also caused by the accident. None of the Ss were under 
medication, There were 17 males and 3 females. Their mean age was 2 1. 1  
years, with a range from 16 to 39 years. The S s  showed no residual motor 
deficits, judged on three criteria: judgment of the neurologist, judg­
ment of the patient himself, and the absence of an abnormal left-right 
difference on a finger-tapping test. They had no sensory deficits 
either, according to the judgment of the neurologist, 
The mean interval between trauma and test was 108 days. The experimental 
group thus were no longer hospitalized and many had already returned 
to work, For this reason, we decided to draw the control group from 
the working population. This group was matched on sex and age: here, 
too, there were 17 males and 3 females, th� age range being from 16 
to 39 years with a mean of 2 1.3 years, In the control group nobody 
was on medication, 
Test procedure 
The apparatus consisted of a panel with a vertical row of four white 
lights, On both sides of each light there were black pushbuttons with 
the same diameter as the lights (24 mm). Parts of this panel could be 
blocked out in such a way, that only the required lights and buttons 
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remained visible, Thus, simple and choice reactions, both unimanual and 
bimanual, could be recorded with one and the same apparatus, The Ss 
were instructed to press the buttons only with their index fingers. The 
preferred hand was used for unimanual reactions ( see Figure I ). 
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Figure I. The five test conditions as presented to right-handed Ss. 
The black circles represent the push-buttons. The small dots indicate 
the resting point for the index finger. In conditions UNI- I and BI-2 
subjects kept their index fingers on the push-buttons. For left-han­
ders the metal strips were placed in mirror-image. UNI=unimanual, 
BI=bimanual. 
The panel was embedded in a tilted desk, on which the Ss could 
rest their arms comfortably. For each of the five conditions the test 
series consisted of 10 practice trials and 40 experimental trials. 
Each stimulus was preceded by a buzz as a warning signal. On average, 
the period between warning signal and stimulus was one second; 
it was randomly varied by an electronic device from 0.9 to I . I seconds. 
This was done to prevent anticipatory reactions. The interstimulus 
interval was 5 seconds: the whole test took 25 minutes. Reaction times 
were recorded electronically in hundredths of seconds on punch tape. 
In the choice reaction tasks the sequence in which the lights were pre­
sented was randomized. In the conditions UNI-2 and BI-2, and in the 
conditions UNI-4 and BI-4, the sequences were identical. As a con­
sequence, the unimanual and bimanual tasks are fully comparable in 
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respect to sensory input. Ss were instructed to press as quickly 
as possible the button next to the light that was presented. In 
order to increase their motivation, the stimulus was response-ter­
minated. Although the effects of both practice and fatigue seem to be 
minimal in this timespan (Benton and Blackburn 1957, Costa 1962, 
Bruhn and Parsons 197 1 )  and if present would work in opposite direc­
tions, we balanced the design for these variables. In both groups, 
half of the Ss started with the fifth condition to perform the whole 
test series in reversed order. 
Individual RT ' s  were calculated by taking the median over 40 trials, 
interpolated in milliseconds. The median seemed a better index for 
the central tendency than the mean, as RT distributions tend to be 
skewed. Anticipations and errors , i.e. responses on a wrong push­
button, were excluded from the calculations of individual RT ' s. 
RESULTS OF EXPERIMENT I 
Table 2 shows the mean times needed by both groups in the five con­
ditions. The experimental group was slower than the control group in 
all tasks, and the difference between groups is significant in all 
conditions as tested with the Wilcoxon test for matched pairs 
(Siegel, 195b). The bimanual conditions produced smaller absolute 
differences between the groups than the unimanual conditions, and 
in the himanual two-choice reaction the difference was even smaller 
than in the simple reaction. 
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Table 2 .  
Mean R T  in msec for control group (CG) and head injury group (HI) 
under five conditions. P-values for the differences were calculated 
with the Wilcoxon test for matched pairs. 
Unimanual Bimanual 
2 4 2 4 
CG 259 379 485 34 1 5 1 6  
HI 342 479 616 419 631 
diff . 83 100 131 78 1 15 
p (diff) < 0.01 0.01 0.01 0.01 0. 0 1  
The analyses of variance are shown in Table 3 • The main effect of 
conditions is highly significant. The other main effect, that is 
the difference between groups, is also highly significant. In addi­
tion, there are interesting interaction effects: the interaction 
between groups and complexity is significant in the unimanual tasks , 
and just fails to reach significance in the bimanual tasks, In other 
words , the increasing complexity has a specific effect on the head 
injury patients , at least in the unimanual tasks. 
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Table 3 
Analyses of variance for unimanual and bimanual tasks. 
Source df MS F P <  
UNIMANUAL 
Between subjects 
A (groups) 328444. 03 43.03 0. 001  
Ss  within groups 38 7632.20 
Within subjects 
B (complexity) 2 623552.47 415.05 0.001 
A X  B 2 5846. 1 1  3 . 89 0.02 
B x Ss within groups 76 1502 . 34 
BIMANUAL 
Between subjects 
A (groups) 186052.05 3 I .99 0. 00 1  
Ss within groups 38 5815.24 
Within subjects 
B (Complexity) 753108.05 360. 78 0. 00 1 
A x  B 6993. 80 3.35 0. 08 
B x Ss within groups 38 2087. 42 
DISCUSSION I 
Our finding that the experimental group was disproportionally hindered 
in the choice RT tasks is consistent with some previous studies (Norrman 
and Svahn, 19b l ;  Miller, 1970), but appears to conflict with the report 
by Klensch (1973). Furthermore, we can confirm the finding of Blackburn 
and Benton (1955), that a bimanual two-choice RT task does not present 
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a disproportional difficulty for brain-damaged patients, 
When looking at the investigations on patients with closed head injury, 
a complexity effect is found especially in those with severe lesions, 
Miller and Klensch both used fairly complicated choice reactions, but 
a complexity effect was only found in the group described by Miller. 
This latter group seemed to have more severe lesions, as indicated 
by the fact that the patients had all shown a post-traumatic amnesia 
for more than one week. 
According to Russell ' s  classification (1934) they should be classified 
as very severe injuries, and in the continental terminology they would 
have been classified as cases of ' contusio cerebri ' .  On the other hand, 
the use of the term ' commotio cerebri ' by Klensch seems to suggest a 
relatively mild injury, This term refers to minor injuries , which do 
not cause lasting deficits , The discrepancy between the findings of 
Klensch and the other two studies (Miller 1970, and Norrman and Svahn 
196 1 )  can certainly not been explained by stating that the task used 
by Klensch was not complex enough: his choice reaction included com­
binations of stimuli in different sensory modalities. 
There is, however, a third possibility. Within our experimental group 
we found some evidence for an interaction between severity of lesions 
and complexity of task, There was a significant correlation between 
lenght of coma and RT in our most complex conditions only, i.e. in 
UNI-4 and BI-4, (UNI-4, r= + 0. 5 1 7, t= 2. 490, p < 0, 025 ; BI-4, r = 
+ 0, 391 ,  t = 1.752, p < 0,05; one-tailed tests). Thus, the trend in 
our group towards a complexity effect was clearest in the more severe 
cases, Therefore, we decided to test the hypothesis of an interaction 
between severity and complexity in an other, more homogeneous group 
of head-injury patients without comparing them to normal persons. 
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EXPERIMENT II 
In this experiment, only the simple reaction and the unimanual four­
choice reaction were used, as the latter had proved to be the most 
powerful of our choice-reaction tasks. We recorded RT of 33 male 
patients with a mean age of 22. 8 years, the range being from 16 to 
39 years. This group was divided in three subgroups of 1 1  Ss each: 
the first group had been unconscious after the trauma for one hour or 
less, the second group had been unconscious from one hour to one week , 
and the last group had been in coma longer than one week. The three 
subgroups were matched on age, the means being 22.5 years, 23.4 
years and 22.4 years respectively. All patients were tested between 
3 and 6 months after injury, the average interval between injury and 
test being 148 days. 
RESULTS OF EXPERI!1ENT II 
Table 4 shows RT ' s  of the subgroups in two conditions. 
Table 4. 
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The next table shows the results of an analysis of variance, There is 
a very significant interaction between lenght of coma and complexity: 
the group with the most severe head injuries shows a marked increase 
of RT when tested with the four-choice task, 
Table 5. 
Analysis of variance on RT of three groups of Ss with increasing lenght 
of coma, 
Source df us F P <  
Between subjects 
A (Groups) 2 129118.56 13. 76 .001 
Ss within groups 30 9384. 93 
Within subjects 
B (Complexity) 1251114. 68 489. 44 . 00 1  
A X B 2 36496.41 14. 28 . 00 1  
B X Ss within groups 30 2556, 20 
Having found this clear CE between three and six months after the 
head injury, we wondered if this effect would persist after a longer 
interval. As it is a common clinical opinion that post-traumatic reco­
very may continue for as long as two years, we therefore tested RT 
in 16 male Ss almost two years after their inj ury. 
EXPERIMENT III 
There were two groups of 8 Ss, the first group having a post-traumatic 
coma from one hour to seven days, the second group having a coma of 
more than one week, Their ages ranged from 17 to 31 years, the average 
being for the first group 19, 5 years, for the second group 23.5 years. 
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A third subgroup of mild injury cases was not available, as these 
cases were excluded when the present research program started. 
Table 6 .  













The 16 patients were tested at an average interval of 669 days between 
injury and test, i . e .  after 22 months. Table 6 shows the performance 
of both groups in two conditions. 
Table 7 .  
Analysis of  variance on RT  of  two groups of Ss  with different length 
of coma . 
Source df MS F p < 
Between subjects 
A (Groups) 17020. 13 1 . 6 1  NS 
Ss within groups 14 10584. 63 
Within subjects_ 
B (Complexity) 487578. 13 277 . 16 . 00 1  
A X  B 1 1 100.50 6. 3 1  .02 










Figure 2, Curves representing the performance of a group of Ss with 
a post-traumatic coma of over a week ' s  duration, at successive inter­
vals after the head injury. The interval between injury and test is 
given in days at the end of each curve. The dotted line represents 
the performance of a group with a length of coma less than one week, 
tested at 668 days after their injury. 
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An analysis of variance showed that the main effect of groups was no 
longer significant, but there was still an interaction between groups 
and complexity which was significant at a 2. 57. level. 
Figure 2 shows the performance on simple and choice reaction of the 
severely damaged group described in the last experiment, at different 
intervals in the two-year period after their injury. At the first test 
the CE is very clear, but it diminishes gradually, obviously reflecting 
the partial recovery of the Ss. Nevertheless, at the last test the 
slope of their curve remains steep in comparison to the curve of the 
moderately damaged group. The difference between groups is then no lon­
ger significant in the simple task, while it is still significant at 
the Si. level in the choice reaction. 
DISCUSSION II 
In the pilot investigation we found a slight complexity effect, which 
was confirmed in a cross-validation on a group of 33 patients with 
a closed head injury. Besides, in this second experiment we found a 
strong interaction between severity and complexity, an effect that in 
a third experiment could still be demonstrated in a group of Ss having 
sustained a head injury almost two years earlier. The evidence suggests 
that slowness in a choice reaction task like the one we used is a com­
mon residual deficit after head injury with a long post-traumatic coma. 
Our data thus are in line with the results of Norrman and Svahn (196 1) . 
A remark must be made about the difference score that expresses the 
slope of the curve relating simple RT and choice RT. When describing 
the aim of our pilot investigation we asked which task would be most 
useful in the study of the post-traumatic syndrome and its recovery . 
The answer now seems to be that the four-choice reaction is more sensi­
tive than the simple reaction. Nevertheless, it seems wise to main­
tain the simple task too, as the relation between RT- I and RT-4 tells 
us more than the choice-RT alone could do. 
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A lot of questions remain to be answered, For example, it seems 
puzzling that Klensch found no increase of the difference between 
groups when he proceeded from simple reactions to a complicated choice 
reaction, In our group of mild head injuries, however, we found the 
same phenomenon : in the second quarter of a year after their trauma 
these 25 young males were 29 msec slower than a control group in the 
simple reaction, while the difference between groups in the four-choice 
reaction was only 19 msec, Could it he that the difference between nor­
mals and patients with a mild head injury is an additive constant? In 
terms of the additivity theory (Danders, 1868; Sternberg, 1969) t�is 
would mean that the mildly damaged patients are slow in a basic stage 
of their information processing, a stage which is present in both simple 
and choice reactions. The introduction of stages at a higher cogni-
tive level, like stimulus-identification and response-selection, 
would then hold them up for no longer than it does normal subjects. 
The additive constant in the milder cases could be the result of de­
layed arousal, or a delay in the execution of the response, i.e. a 
deficit in the go-mechanism. A third hypothesis is that of an extra 
stage in their information processing in both simple and choice reaction, 
One could postulate a change in speed-accuracy trade-off, in patients 
with mild head injury who carry out a double-check. In contrast, pa­
tients with a severe head injury might have a deficit especially in the 
higher aspects of information processing, as suggested by the complexi­
ty effect found in our second and third experiments. 
Another problem is the mechanism behind the persistent slowness of the 
severely damaged patients. Strich (1961) reported that a severe head 
injury results in a diffuse loss of cerebral neurons, by shearing 
of nerve fibers. As Miller (1970) has noted, this diffuse loss of 
cells could produce a state which has some resemblance with the state 
of an aging brain. On a behavioral level, increasing age is known 
to produce a complexity effect in information processing. This inter­
pretation seems to implicate that the slowing down of information 
processing is due to a reduced number of neurons available for carry-
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ing the signal. As llelford (1962) has pointed out, this has a negative 
effect on the signal-to-noise ratio and thereby on process ing time. 
However, the decrease of active neurons could as well be functional, 
without an actual loss of cells. Biochemical research in our depart­
ment (Vecht et al. , 197 5) has shown that the turnover of dopamine and 
serotonine in the brain is decreased after severe head injury. In a 
group of 1 0  patients we found a negative correlation between choice 
RT after 4 months, and the level of the serotonine metabolism in 
conscious patients 3 weeks after their injuries. This correlation 
(rho= -. 68) was significant at the 0.025 level. The correlation between 
RT-4 and dopamine was likewise negative, but it just failed to reach 
significance (rho= -. 54, p=0. 0526).  The meaning of this relation is as 
yet unclear: although a deficiency of one or more neuro-transmitters 
could explain the slow processing of information , both dis turbances 
might as well be two results of one and the same cause. 
SUMMARY 
Simple and choice reaction time to visual signals were recorded in 
persons having sustained a closed head injury. The results show a dis­
proportional effect of task complexity in comparison to the perfor­
mance of a normal group. Moreover, an interaction was demonstrated be­
tween complexity of the reaction task and lenght of coma after the in­
jury. Finally it was shown that this interaction was still vis ible 22 
months after the concussion. At that time, there is no longer a diffe­
rence in simple reaction time between groups with different lenghts of 
coma, while there is still a significant difference in the choice reac­
tion task. 
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4 ,  2 DECISION TIME AND t10VEMENT TIME 
The experiments in the previous chap ter were aimed at  the effect  of  
comp lexity , or information load , after  head inj ury , I t  was demons tra­
ted that an increase in the number of the s timulus alternatives had a 
specific effect  on the head inj ured patients . However , we mus t now 
cons ider the pos s ib i l i ty that differences between patients and control 
subj ects were due to  differences in o ther aspects than central infor­
mation process ing . The choice reactions in our firs t experiment no t 
only pres ented a higher load of information than the s imple  reaction :  
in addition they required a goal-directed movement o f  the hand from 
the res ting point to  a push-but ton ,  In this aspect , the various choice 
RT tasks contras ted wi th the s imple RT task in whi ch the finger was 
already kep t on the push-button , Thus it can be asked : was the effect  
of number of  s t imulus alternatives determined partly or completely by 
differences in mo tor performance be tween head inj ured patients and con­
trol sub j ects?  Or , s tated more p lainly : do the patients move more 
slowly , or do they think more s lowly? I t  wi ll  be rememb ered that we 
took various precautions to exclude patients wi th motor deficits in the 
upper l imbs from the experiment , but there might s ti l l  be a difference 
in motor performance between groups despi te the absence of such c l ini­
cally manifes t defici ts . 
We s tudied the ques tion in two experiments . Firs t ,  we re-analysed 
part of the firs t experiment ,  comparing the uni-manual 2-choi ce 
task wi th par t  of  the uni-manual 4-choice task. The responses  in the 
2-choice reac tion were a l l  aimed at the push-buttons next to the lights 
2 and 3 and therefore we selec ted from the 4-choice reactions those 
responses only that were l ikewise  aimed at  the push-buttons next to 
the l ight s  2 and 3 - see Figure 3 .  
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Figure 3. Comparison of 2-choice RT with the corresponding part 
of the 4-choice task. Open circles represent the stimulus lights, 
black circles represent the push-buttons. 
It will be clear from the figure, that the responses in R-2 were 
physically identical to the responses that we selected from R-4. In 
other words, these tasks were fully comparable as far as motor 
behavior is required, But at the same time there was an essen-
tial difference in information load: in R-2 only two stimulus al­
ternatives existed, while in "half R-4" there were 4 stimulus al­
ternatives, It must be realized that the reduction in number of ob­
servations per subject in "half-R-4" reduces the discriminative 
power of the data: 20 trials will give a less reliable measure 
of a subject's RT than 40 trials. The subjects whose reac-
tions were used in this comparison were the same 20 patients and 
20 controls described in paragraph 4. 1. Mean RT ' s  of these groups 
in two conditions are presented in Table 8 .  
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Table 8. Effect of information load, with motor performance con­
trolled for. CG=control group, HI=head-injured group. 












An analysis of variance revealed two significant main effects: 
head injury patients were significantly slower than controls, and 
the increase in information load had a significant effect on both 
groups (F-ratio 35 .74 and 181.49 res�; p < .001 for both effects). 
Although the increase in RT was of greater magnitude in the head 
injured group , the interaction between groups and tasks was insig­
nificant (F-ratio 1 , 87). 
Visual inspection of the data indicated two things. First, there 
was one clear outlier in the patient group : a head injured girl 
reacted faster on "half R-4" than on R-2, a phenomenon that was 
observed in none of the other 39 subjects, Second, the increase 
in RT from R-2 to "half R-4" had its greatest magnitude in the 
more severely injured patients. The average increase in RT was 
123 msec in those patients who had been unconscious after the 
accident for over a week, the most severe patients in this sample 
showing an increase of 195 msec, In Table 9 the difference scores 
between both tasks are listed; for each subject the difference in 
RT between R-2 and "half R-4" was calculated. 
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Table 9. Difference scores between RT in a 2-choice task and in the 
corresponding part of a 4-choice task, for 20 control Ss and 20 pa­
tients. SEV = severity of injury expressed in duration of coma and 



























































It seemed justified to remove the outlier from the head injured 
group on the basis of her most unusual performance, and as a 
consequence her matched partner in the control group had to be 
removed as well, In Table 10 mean RT ' s  for the resulting new 
groups are presented, 
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Table J O. Effect of information load, with motor performance con­












In the analysis of variance, the main effects of groups and tasks 
were highly significant again. The interaction between groups and 
tasks j ust failed to reach significance: F-ratio 3. 74, p < . 06. 
We then performed an analysis of variance on the data from the 
patient group, using severity as a main factor, That is, the 
group was divided in three subgroups with an increasing severity 
of injury as indicated by duration of unconsciousness, as des­
cribed in section 4. 1. Mean RT ' s  for these groups are presented 
in Table I I .  
Table I I .  Effect of information load, with motor performance con­
trolled for, in three patient groups of increasing severity of 
injury. 
mild n 5 
moderate n = 9 










+ 87  
+ 88 
+149 
In an analysis of variance, the main effect of groups was significant 
at the 5% level while the effect of information load was 
highly significant, with p ( ,00 1. Uoreover, it can be seen in 
Table 12 that the interaction between groups and tasks was sig-
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nificant at the 2% level: the effect of information load clear-
ly interacted with severity of injury. This confirmed the findings 
described in the preceding section, where an interaction of 
severity and complexity was demonstrated in a comparison 
of simple and 4-choice reaction, 
Table 12. Analysis of variance on the performance of 1 9  head-injured 
patients, with severity of injury as a main factor. 
x = p < . 01 , xx = p < .  02 and xxx = p <.00 1 .  
Source df 
Between subjects 1 8  
A (Groups) 2 
Ss within groups 16 
Within subjects 1 9  
B (Information load) 
AB 2 
B x Ss within groups 16 
MS 












These post-hoc analyses on data from our first experiment thus 
suggested, that the effects of complexity, or information load, 
could not be explained as resulting from differences in motor be­
havior between groups. Still, the procedure was not wholly satis­
factory in our opinion, as it seemed more adequate to compare a 
simple and a choice task in a new sample of head-injured patients. 
Besides , it seemed worthwhile to study the motor component along 
with the informat�on processing capacities of the subjects. Thus 
a second experiment was planned, and a new apparatus was built 
that enabled a splitting up of total RT in two components: deci­
sion time (DT) and movement time (MT) . 
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The basic idea was, to build an apparatus on which simple and 
choice reactions required the same movements, Hence, the push­
buttons were all arranged at the same distance (13 cm) from the 
resting point where the subject held his finger while waiting for 
a signal, This resulted in an array covering a circle's sector 
with the resting point in the centre, see Figure 4. A further 
essential difference with the previously used equipment was the 
fact that the resting point itself was a switch that had to be 
kept down untill the subject started his response, The electronic 
RT-recorder comprised two counters : the first one was started 
by presentation of the stimulus, and was stopped by the subject 
when releasing the central button, In this way, DT was recorded, 
2 3 
0 0 
•  • 
2 3 4 
Figure 4. Simple reaction (R-1) either on stimulus 2 or 3, and 
4-choice reaction (R-4) on stimuli 1,2,3 and 4. The black dot is 
the central switch serving as a starting point for all responses . 
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The second electronic counter was started by the releasing of the 
central button, and was switched off by the subject pressing down 
the stimulus: in this apparatus, the lights were themselves push­
buttons (which i�plies an optimal stimulus response compa-
tibility). This second interval was regarded as the movement time HT. 
Subjects were instructed to keep the central button pushed down 
while waiting for a stimulus, and to switch off the stimulus as 
quickly as possible when it appeared. 
A new sample of 8 successively admitted patients was then col­
lected, criteria being an age between 1 5  and 39 years, absence 
of motor deficit in the preferred hand, and absence of medication 
that could have influenced RT. They were matched individually on 
sex and age with control subjects from the working population. 
Patients were tested between six weeks and six months after injury, 
PTA duration ranged from 7 days to 124 days, and this means that 
all patients must be classified as cases of very severe cere-
bral concussion in the Russell scale (1971) . 
Half of the subjects in each group performed the simple task on 
light 2, the other half on light 3, Half of the subjects started 
with the simple reaction, while the other half started with 
the choice reaction, in order to balance the design for possible 
effects of fatigue and practice, 
Individual RT's were calculated as described in paragraph 4, 1. 
When calculating a subjects choice RT we solely used his reac­
tions that were physically identical to his reactions in the sim­
ple task, That is, for someone who had reacted in the simple task 
to light 2, we selected from his choice reactions the responses 
to light 2 only, We will consider first the results of this 
experiment regarding DT (see Table 13). 
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Results on DT 
Table 13. Comparison of DT in simple and 4-choice reaction, with 
movements kept constant, DT in R-4 integral is given to show that 
the responses to lights 2 and 3 in the choice reaction formed a 
representative sample from this task. 
R-4 to R- 1 to 
light 2 or 3 
R-4 to 











An analysis of variance (Winer, 1970) showed a significant effect of 
groups, with p < . O J . Overall DT was 297 msec for the control 
group, and 378 msec for the head-injured group, The effect of 
tasks was highly significant, with p ,( .001. Finally, there was a 
highly significant interaction between groups and tasks, with 
p c(  . 001, see Table 14. 
Table 14. Analysis of variance on DT in two conditions, main 
factors being groups and tasks. x = p <. 0 1  and xx = p < . 00 1 .  
Source df MS F 
Between subjects I S  
A (Groups) 5330 1 1 1 . 06 
Ss within groups 1 4  4820 
Within subjects 16 
B (Information load) 22898 101. 43 
AB 594 1 26. 3 1  





In other words, in this experiment a clear interaction between 
groups and information load was demonstrated, regardless of 
movement components in the task. 
Results on MT 
Next, the data on MT were analysed. Table 15 presents mean 
MT's for both groups under two conditions , 
Table 1 5. Comparison of t1T in simple and 4-choice reaction, 
R-4 to R- 1 to 
light 2 or 3 
R-4 to 











On these data too an analysis of variance was carried out, again 
with groups and tasks as main factors; see Table 1 6 ,  The effect 
of groups was not significant (F-ratio 2, 74, df 1 4) ,  although the 
patient group showed somewhat longer MT's. A rather unexpected 
finding was, that information load had a significant effect on 
MT: overall MT was 1 96 msec in the simple reaction, and 222 msec 
in the 4-choice reaction (F-ratio 12, 1 3, df 1 4, p < . 00 1 ). 
However, no interaction was found between groups and tasks. 
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Table 16 . Analysis of variance MT, with groups and tasks as 
main factors, x = p <, 001, NS • not significant, 
Source df MS F 
Between subjects 15 
A (Groups) 40470 2. 74 NS 
Ss within groups 14 14757 
Within subjects 16 
B (Information load) 5356 12. 3 1  X 
AB so 0. 11 NS 
B x Ss within groups 14 442 
Although MT was not significantly prolonged in the head injured 
group, it seems unjustified to conclude from this small sample 
of patients that UT head injury does � result in a slowing down 
of goal-directed movements, After all, there was a trend (p ; , 12) 
towards a difference between groups. 
4. 3 CONCLUSIONS 
The studies described in section 4. 2 confirmed the hypothesis 
that complexity, or an iucrease of information load, has a dis­
proportionate effect on head injured patients, The splitting up of 
total RT in a decision component and a movement component has 
made clear, that the effect is indeed due to prolonged decision 
times. Regarding the movement component no significant difference 
in MT between groups was found. Still, there was a trend in this 
small sample of patients towards prolonged movement times, and 
this indicates that motor performance after head injury deserves 
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further study, The topic will be discussed in more detail in chapter 
6. I of this dissertation. 
In the next chapter the results of a longitudinal study on reco­
very of RT will be described, It was carried out with the origi­
nal equipment , that is, without splitting up RT in a decision 
component and a movement component, This was due to the fact, 
that the follow-up had gone a long way already when the newly 
devised equipment became available, 
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5, LONGITUDINAL STUDIES 
5 , 1 LONG TERM RECOVERY OF VISUAL REACTION TIME AFTER CLOSED HEAD 
INJURY 
A. H. van Zomeren and B, G. Deelman. 
(This section was published originally as an article in the Journal 
of Neurology, Neurosurgery and Psychiatry, vol.4 1 nr. 5, and is 
reproduced here with permission from the publisher, the British 
Medical Association, London). 
After cerebral concussion patients �ay show a slowness of thought 
which nowadays is usually described as a slowing down of information 
processing. This phenomenon should not be confused with the old clinical 
concept of "bradyphrenia", a state observed in subjects who have sus­
tained very severe head injuries only. As Gronwall and Wrightson (1974) 
have shown, the slowing down of information processing can be demon­
strated even in patients with mild concussions who have a goon prognosis. 
They found a slowing down in a paced serial addition task during ap� 
proximately the first five weeks after the injury. There are a few 
reports about prolonged reaction time after head injury (Norrman and 
Svahn, 1961; Miller, 1970; Klensch, 1973; Gronwall and Sampson, 1974). 
In most of these studies choice reaction time seemed a more sensitive 
test than simple reaction time, although this was not confirmed by 
Klensch (1973). 
The above investigations were carried out on small groups of patients 
who were tested only once, For that reason we felt the need for a 
longitudinal investigation on a somewhat larger group. The main aim 
of our study was to construct recovery curves for simple and choice 
reaction times over a period of two years after the injury, using se­
verity of injury as an independent variable. Moreover, we were inte­
rested in the relations of reaction time with the original clinical 
state of the patients, and with their final outcome, 
so 
METHOD 
SCHEDULE OF FOLLOW-UP 
As it is a common clinical opinion that post-traumatic recovery may 
continue for as long as two years, it was decided to follow patients 
during this period, testing them six times. The interval between tests 
increased regularly, as we expected to find the greatest changes in 
performance in the beginning of the recovery process. In fact, testing 
was planned at five weeks, JO weeks, and five months after trauma, and 
from then on in the middle of each successive half year. 
SUBJECTS 
The sample reported on consisted of male patients in the age range 
from 16 to 39 years, and represented most of our total head injury 
population, This homogeneous group was divided into three subgroups 
according to the severity of the injury, Lenght of unconsciousness 
after the accident was used as an index of severity. Disturbance of 
consciousness is quantified in our department using a scoring system 
developed by the Neurosurgical Department in Glasgow (Teasdale and 
Jennett, 1974). This system enables the neurologis t to give the 
patient an objective EMV score ranging from 3 to IS, covering eye 
opening (E) and motor response (M) on painful stimulation, and verbal 
performance (V). It is regarded as an adequate way to define "coma" 
in a patient after head injury, using an EUV score of 8 or less as 
a criterion, Table I shows the number of subjects in each subgroup. 
Patients in these three groups will be referred to occasionally as 
mildly , moderately, or severely injured. 
Table 17. 
Number of subjects and mean age in subgroups with different length 
of unconsciousness. 
Mean age 
Group number (yr) leng th of unconsciousness 
Coma 3 (severe) 12 23. 4 over one week 
Coma 2 (moderate) 18 19. 7 one hour - seven days 
Coma (mild) 27 22.8 less than 60 minutes. 
S I  
As post-traumatic amnesia is another frequently used index of severity, 
a survey of its distribution in the present sample is given. All 
patients in the severe group showed post-traumatic amnesia for four 
weeks or longer, which makes them "very severe" head injuries accor­
ding to the classification proposed by Russell (1971). 
In the mild group, none of the patients had a post-traumatic amnesia 
exceeding one week ' s  duration, The duration of the post-traumatic 
amnesia was defined as the interval between the inj ury and the time 
taken to attain continuous hour-to-hour and day-to-day memory. 
Post-traumatic amnesia was assessed daily by the neurologist during 
the clinical examination , Subjects with motor or sensory deficits 
that could have hindered performance were excluded from the study. 
The presence of such deficits was aEsessed by clinical neurological 
examination, while, in addition, for the motor function a score in 
the normal range on a fingertapping test was required. 
Although we planned to test each subject six times, only the mild 
injury group could be tested completely at five weeks since some 
patients in the other groups were still in a confused state or un­
conscious at that time , The severe group was not completely fit to 
be tested at 10 weeks, and its recovery curve, therefore, begins at 
the five months test, 
PROCEDURE 
The apparatus consisted of a panel with a vertical row of four 
white lights , On both sides of each light there were black push­
buttons with the same diameter r �� llIDl) as the lights , Parts of this 
panel could be blocked out so that only the required lights and 
buttons remained visible , That is, for a right handed subject only 
the buttons on the right side of the lights would be visible (Fig. S) 
In the simple reaction, subjects would see the bottom light and 
button only , Patients were instructed to push the button next to the 
presented stimulus as quickly as possible, using their index 
finger , In the choice reaction, the index finger was held at a res-
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ting point situated between the second and third button until a signal 
was presented. The preferred hand was used, unless this was impossible 
because of a fracture of the arm (two subjects), or in one case 
because of hemiparesis. As differences in reaction time between pre­
ferred and non-preferred hand are negligible (Benton and Joynt, 1958; 
Diamond, 1970), this could have no effects on the mean reaction time 
of subgroups . The panel was embedded in a tilted desk on which the 
subjects could rest their arms comfortably. Each test series consisted 
of 10 practice trials and 40 experimental trials. Each stimulus was 
preceded by a buzz as a warning signal, the foreperiod being one second. 
The interstimulus interval was five seconds. The total duration of 
the test was approximately 1 0  minutes. Although the effect of both 
practice and fatigue seem to be minimal in this time span (Benton 
and Blackburn, 1957; Costa, 1962; Bruhn and Parsons, 1971) and, if 
o e  s :  
o•  o •  
Figure 5. Apparatus used for recording reaction times. For left 
handers, the metal masks were placed in mirror image. In the four­
choice panel, the small dot indicates the resting point for the 
index finger. WS = buzzer for warning signal. 
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present, would work in opposite directions, we balanced the design 
for these time effects, In each subgroup, half of the patients star­
ted with the simple reaction while the other half started with the 
choice reaction , 
Reaction tirne was recorded in hundredths of seconds on punch tape, 
Individual reaction times were calculated in milliseconds by taking 
the median over 40 trials , The median is a better index for the 
central tendency than the mean, as reaction time distributions tend 
to be skewed, 
RESULTS 
Figure 6 presents the recovery curves for the simple and the choice 
reaction respectively. The data points for each test do not have 
exactly the same position on the time scale, as there were slight 
differences in the average interval after injury between subgroups. 
The shaded areas below indicate the normal range of a reference group 
of 45 healthy subjects, matched on age with the head injury group, 
Their upper and lower limits are based on the 907. and 10% lines in 
this normal group. 
To test the overall effect of the independent variables, an analysis 
of variance (ANOVA) was carried out on the data, starting at the five 
months test (Table l8) , Between subject factor was the severity of in­











- 90  
'-----""�---------------�--=-�--=-so 
- 10 





6 12 18 24 MONTHS 
Figure 6 .  Recovery curves for simple and choice reaction time, as rela­
ted to length of unconsciousness after injury. Shaded area below indica­
tes the normal range of a non-injured reference group. On the abscissa 
number of months after injury is plotted. • =  severely injured group, 
coma 3. � = moderately injured group, coma 2 and o = mildly injured 
group , coma I . 
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Table 18. Analysis of variance with groups, complexity of task, and 
occasions as factors. A= groups, B= complexity, C= occasions, 
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Within subject factors were complexity of task (two levels), and occa­
sions of testing (four levels), Only the last four occasions were used 
because the severely injured group was not fit to be tested on earlier 
occasions. Although there were no defaulters in this study (all patients 
completed the two year follow-up) , some subjects accidentally missed 
one of the tests. To keep the number of patients in each subgroup con­
stant, we therefore had to restrict our analyses to those cooperative 
performers who never missed a single test in this period, The mean 
reaction times of the subgroups thus selected were virtually the same 
as those of the original patient groups. Furthermore, there was no 
relation between the missing of a single test and severity as indi­
cated by duration of coma. As the number of subjects in each of the 
subgroups was roughly proportional to the respective probability of 
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occurrence, a least squares solution for the effects and the sums of 
squares was chosen (Winer, 1970). The effect of groups 
was significant. The overall reaction times in each of the 
groups, ranked from mild to severe, were 386, 405, and 465 msec. The 
effect of complexity was highly significant (297 msec versus 524 msec). 
The interaction of groups and complexity was also significant, the 
differences between simple and choice reaction being 198, 228, and 
269 msec. respectively in the mild, moderate, and severe group. There 
was also an effect of occasions, the mean values for overall reaction 
time being 435, 414, 395, and 397 msec. 
The significant interaction between groups and occasions is a re­
flection of the different times at which each of the recovery curves 
approached the asymptote. The difference between the sixth and the 
third test was 8 msec for the mild group, 48 msec for the �oderate 
group, and 79 msec for the severe group. Finally, there was an inter­
action of complexity and occasions: reaction time on the choice reac­
tion task decreased until the sixth test, while the simple reaction 
time curve was almost flat already on the fourth occasion. 
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Table 19. Spearman correlations of reaction time performance at the 
five months test with clinical variables in the acute stage and 
with outcome after one year. NS = not significant ; all  other correla­
tions significant at 0.05 or less, one tailed test. x = significant 
at 0.001 level. PTA = post-traumatic amnesia, EEG = electroencephalo­
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In Table 1 9  some Spearman correlations are given between reaction time 
performance at the five months test, clinical variables in the acute 
stage, and outcome at twelve months after trauma. All clinical varia­
bles and outcome were assessed by neurologists , Duration of post­
traumatic amnesia and coma was rated on an eight point scale , All 
EEG variables were rated on til'le scales, correlating duration of dis­
turbance with subsequent reaction time . Originally there were 17 EEG 
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variables, including all possible local disturbances, epileptic 
activity, amplitude reduction, diffuse slow wave activity , and distur­
bed brain stem activity (FIRDA).  Of these variables, only four resulted 
in significant correlations, diffuse slow wave activity over the left 
hemisphere being most likely to be associated with long reaction times. 
Clinical outcome was rated on a six point scale derived from that 
designed by Jennett and Bond (1975), ranging from good recovery 
without residual symptoms to a state of severe disability and depen­
dence on others (see Appendix II). The correlation coefficient of 0, 72 
seems to suggest that choice reaction time in particular has some pre­
dictive value in this range, The mental scale is composed of the scores 
of the next four variables (memory, concentration, apathy, irritability), 
all rated by the neurologist while interviewing the patient about his 
present state and complaints . Social outcome comprised items like 
work, family life, and leisure activities . 
DISCUSSION 
The main effect of "groups" indicated that reaction time can dis­
criminate between grades of severity in head injury patients. 
Further, the effect of "occasions" suggested that recovery is reflec­
ted in decreasing overall reaction times , The highly significant 
effect of "complexity" is hardly surprising as it has frequently been 
reported in normal subjects also (Fitts and Posner, 1973). 
More interesting is the interaction between groups and complexity. 
There was an increasing difference between simple and choice reaction 
time with increas.ing severity. This suggests that choice reaction 
time is a more sensitive indicator of severity of injury as indicated 
by length of coma, Separate analysis of variance on each possible com­
bination of subgroups shows that the interaction is caused mainly by 
the difference between the severely injured group and the other sub-
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groups (p <. 0,01 in both cases). In the comparison between the mild 
and moderate group, the interaction approached significance (p = 0 , 11) , 
The disproportionate effect of the choice task on the severe group 
has been described as a complexity effect in an earlier report by 
the present authors (van Zomeren and Deelman, 1976). This effect was 
found in a comparison of head injury patients with normal subjects as 
well as in a comparison of patients with varying severity of injury. 
In terms of information theory, the complexity effect indicates that 
head injury influences channel capacity, or rate of information trans­
mission in the central nervous system. It is interesting that informa­
tion processing capacity seems to be reduced in proportion to the 
severity of the injury, 
The second interaction, groups x occasions, was also significant. In 
other words, the slope of the recovery curve differed for the three sub­
groups. The mild group showed hardly any change, the severe group showed 
a considerable decrease in reaction time, while the moderate group 
took an intermediate position. The third interaction, complexity 
x occasions, showed that the slopes of recovery curves were different 
for simple and choice reaction times , 
Visual inspection of Fig. 6 suggests that the power to discri-
minate between groups decreased faster for the simple reaction time 
than for choice reaction time. This notion would have been supported 
by a significant three-way interaction of groups, complexity, and 
occasions. This interaction did not reach significance (Table 18), 
However, not all subjects were used in this analysis as it was restric­
ted to those present for all four successive tests. In a final attempt 
to test the three-way interaction, the sizes of the respective groups 
were increased by taking into account the third and sixth test only. 
All effects were in agreement with the original AN0VA, but they were 
even stronger this time, The three-way interaction was significant at 
the 0.05 level (F 2.44 =3, 15). Separate analyses of variance showed 
that, as far as this second order interaction was concerned, the mild 
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group differed significantly from the other groups ( p < 0,01 in both 
cases). In both RT tasks this group was already approaching the asymp­
tote at the third test. In the severe group both reaction times showed 
an imrpovement beyond the third test. In the moderate group, however, 
simple reaction time reached the level of the final performance al­
ready at the third test, while choice reaction time continued to im­
prove, This longer lasting sensitivity is another argument in favour 
of choice reaction time. The conclusion that the choice reaction task 
is the best means for moni toring recovery seems justified. It is also 
a better predictor of final outcome, and correlates somewhat more 
highly with clinical variables and patient ' s  complaints. 
Figure 6 raises further questions. In the last test the mild 
and moderate groups showed normal choice reaction times, as compared 
with the baseline produced by noninjured controls. Their respective 
means were 500 and 478 msec, normal choice reaction time being 479 
msec. The mean of the severe group was 568 msec, which differed signi­
ficantly from the normal score when tested with a one- tailed t-test 
(p = 0.0 135). On the other hand, all three head injury groups remained 
significantly slow on the simple task. Their reaction times were 285, 
290 and 309 msec respectively, normal reaction time being 265 msec; 
with a one-tailed t test the corresponding p values of differences 
were 0.001, 0. 005 and 0, 023. It must be noted, however, that the data 
on normal subjects were the result of a single test. The fol lowing 
remarks may, therefore, be relevant. First, there might be a larger 
effect of learning on the choice reaction time, than on simple reaction 
time. In that case, it would not be fair to compare the patients ' re­
sults on the sixth test with those of controls on their first and only 
occasion. Secondly, another possible explanation for the difference 
might be lesseni�g motivation, When tested for th� third or the fourth 
time on the monotonous simple task, subjects might well lose their 
original zeal. Some evidence for this is found. in the fact that the 
mildly injured group performed best in the second test (Fig, 6). On the 
other hand, choice reaction is far more challenging because of its 
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unpredictable nature, and for that reason may keep the patients 
well-motivated, 
In a slightly different theoretical framework, the prolonged simple 
reaction time may be interpreted as indicating a state of under-arou­
sal, even in the mildly and moderately injured subjects , As Gronwall 
and Sampson (1974) have suggested, the head injury patient �ay be in a 
state of chronic under-arousal, due to dysfunction of his brainstem. 
Kahneman (1973) states that effort is mobilised in response to the 
changing demands of the tasks in which one engages, Under certain 
circumstances, a higher mental load may improve performance by raising 
the level of arousal. Therefore, it could be argued that the simple 
reaction fails to arouse the patients sufficiently, while the higher 
demands of the choice reaction result in an adequate level of arousal, 
This explanation does not conflict with the previous one, as high 
motivation in itself has an arousing value, It must be stressed, 
however, that the hypothesis of post-traumatic under-arousal has so 
far not been tested directly by psychophysiological means. 
A final remark can be made about late recovery in the severely inju­
red group. Incidental retest of a few patients after more than two 
years suggested that there might be an improvement even in the third 
year after the injury. He, therefore, decided to retest all patients 
in the severe group, but only 10 out of 12 could be traced, When re­
tested at an average interval after trauma of 40 months, their mean 
choice reaction time had ,decreased from 58 1 to 556 msec, This decrease 
was significant at the 0, 10 level (one-tailed) only, when tested with 
a Wilcoxon Signed Ranks test (Conover, 197 1 ). The change was due main­
ly to the slower half of the group, their mean reaction time having 
decre�sed from 655 to 613 msec, This result must be regarded as sug­
gesting the possibility of recovery beyond two years in the most 
severe cases. For that reason we feel that studies of recovery after 




A follow-up study covering two years after a closed head injury was 
carried out on a group of 57 young males. Their reaction time was 
tested on both a simple and a four choice visual reaction task. 
The group was divided into three subgroups according to lenght of 
unconsciousness after the injury. Reaction time discriminated between 
subgroups, and a highly significant improvement during follow-up was 
shown. Choice reaction time discriminated better and continued to 
do so throughout the whole period of follow-up. Some relations of 
reaction time with clinical variables and outcome are discussed. The 
choice reaction in particular seems to have some value for monitoring 
recovery and predicting final outcome. 
ACKNOWLEDGEt1ENT 
The authors are greatly indepted to Professor J , M, Minderhoud for 
supplying neurological information, and to J.S . Huizenga and 
W . R. Brouwer for their statistical advice. Finally, we would like to 
thank the head injury patients for their cooperation during the two 
years of the study. 
63 
5 , 2  RETEST EFFECTS IN NORMALS 
For two reasons it seemed worthwhile to study possible changes in 
performance in non-injured subjects tested repeatedly, First, the 
decrease in RT depicted in Figure 6 of section 5,1. might be 
determined partly by the effect of practice on the task, or by 
increased familiarity with the testing situation, If not accounted 
for, such effects would lead to an overestimation of recovery, Second, 
for clinical use of RT some information on test-retest reliability 
of the task seemed necessary. Two experiments were carried out, 
Our first experiment comprised 40 normal subjects, 14 females and 26 
males, with ages ranging from 16 to 37 years. They were tested twice 
with both the simple and the 4-choice task described in chapter 4. 1, 
the average interval between tests being 1 0  weeks, with a range from 
59 days to 76 days, All subjects were tested and retested by the same 
experimenter . In Table 20 mean RT ' s  are presented, and number of sub­
jects reacting slower or faster at the retest, In addition Pearson 
correlations are given as indices of retest reliability, 
Table 20. Retest effects and test-retest reliability in 40 subj ects 
tested twice with an interval of 10 weeks. N faster is the number 
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It is clear, that no retest effects occurred in this particular group 
tested with this particular interval, Nevertheless, as pointed out in 
the Discussion of chapter 5,1, the question remained what might happen 
in a group of subjects tested more often than twice . Therefore it was 
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decided to do a second experiment on a group of non-injured subjects. 
The selection of subjects was restricted this time to young males, 
in accordance with the target group of the longitudinal study, Twelve 
subjects, with a mean age of 23. 4 years, were tested on five succes­
sive days by the same experimenter. A period of five days may seem 
a very compressed time scale when compared with the two-year follow-up 
of the longitudinal study, but it seemed not feasible to test a group 
of non-injured subjects during two years . Moreover, this experiment 
was meant especially to study possible effects of repeated testing: 
on page 6 1  it was supposed that the relatively poor performance of 
even mildly injured subjects on the simple RT task might be the result 
of a decreased motivation by a repeated confrontation with a simple 
test. It seemed plausible then to assume that motivation would decrease 
with daily testing at least as strongly as it would decrease with five 
test sessions in two years. 
In Table 21 the changes over the 5 day interval are presented. 
Table 21. Effects of repeated testing on simple and 4-choice reaction 
in a group of 12 young males, tested on five successive days. Diffe­
rences in group means between first and last session were tested two­
sided with Student t-test. The difference was significant for the choice 
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The results of this experiment seem clear-cut, Even with five test 
sessions no significant changes in· simple RT occurred. This means, 
that the relatively slow performance of even mildly injured subjects 
over two years remains a puzzling phenomenon that cannot be explained 
as an effect of repeated testing. A clear retest effect was observed 
in the choice RT task , and this effect was strongest from first 
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to second test, As a consequence, the possibility must be kept in 
mind that part of the recovery in choice RT after head injury may be 
a retest effect, This point seems to deserve further investigation, in 
particular regarding the question whether retest effects interact with 
the original level of performance (Brooks et al , ,  1981). It is 
often silently assumed that experimental and control group will be 
comparable regarding possible retest effects, but it is as yet fully 
unknown whether people with a pathologically prolonged RT will profit 
from retest to the same extent as people with normal RT ' s. Moreover, 
even with normal, non-injured subjects it is unknown whether retest 
effects will be independent of the original level of performance, 
5. 3 CONCLUSIONS 
Both simple and choice RT are prolonged after head injury, and both 
show a significant improvement over time, Still, there were diffe­
rences between the two tasks used in this investigation : simple RT 
leveled off within a year, while improvement in choice RT continued 
over two years, Besides, choice RT differentiated better between gra­
des of severity, and had a stronger relation with clinical variables 
and social outcome, After almost two years the choice task still dis­
criminated between grades of severity, while the simple task revealed 
no significant differences between subgroups. 
An unexplained finding uas, that all subgroups were slightly slower 
on the .simple task than a reference group with the same age distri­
bution, An experiment with repeated testing of non-injured subjects 
on five successive days showed, that these differences could not 
be explained from a retest effect, in particular from a decrease 
of motivation, Retrospectively , such a decrease in the patient group 
was unlikely anyway : the fact that these patients cooperated volun­
tarily in the study during two years seems to point to a stable 
motivation. The conclusion must be, that even in mildly injured pa-
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tients some pathology may remain. Its magnitude is such, however, that 
it goes unnoticed in tasks that produce long RT ' s  in both normal sub­
jects and head injury patients, that is, in choice RT tasks, That 
the magnitude of the observed differences should not be overestimated 
is demonstrated by the successive testing experiment on 12 normal 
young males: their mean simple RT was 275 msec on the last occasion, 
while the mildly, moderately and severely injured groups in the 
longitudinal study eventually scored mean simple RT ' s  of 290, 285 
and 309 msec resp . 
The differential effects of simple and choice RT, both in the first 
experiments and in the longitudinal study, demonstrate that head 
injury results in a slowing down of information processing that reco­
vers to a certain degree, depending on the severity of injury. In 
cases of very severe injury , information processing is still signi­
ficantly slow after two years, Fortunately, we found some evidence 
that in these cases recovery seems to go on beyond the two-year period 
chosen for our longitudinal study, 
After this discussion of recovery effects, we will now attempt to place 
the evidence for a slowing down of information processing in the wider 
context of models of attention . 
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6. ATTENTIONAL DEFICITS 
6, 1 ATTENTIONAL DEFICITS: THE RIDDLES OF SELECTIVITY, SPEED 
AND ALERTNESS 
A.H. van Zomeren, ll.H. Brouwer and B.G, Deelman 
(This section will appear as a chapter in the book "Psycho­
logical deficits after head inj ury'', edited by D.N. Brooks, 
and is published here \1ith permission from the Oxford 
University Press) . 
INTRODUCTION 
References to deficits of attention in head inj ured patients are nume­
rous, even in older literature. Heyer (1904), in discussing the 
clinical varieties of traumatic insanity, extensively quoted his 
German colleague Koppen : " • •  These patients are unable to concentrate 
their attention, even in occupations which serve for mere entertain­
ment, such as reading or playing cards. They like best to brood un­
occupied • •  " 
It will be clear that Koppen was referring to the behavior of very 
severely injured patients, in whom the def�cit borders upon apathy. 
Nevertheless, similar observations have been described for people 
with all grades of severity of injury. When interviewing patients, 
one may hear that they are easily distracted, and that concentrating 
on a task is unusually tiring. Likewise, some of them report diffi­
culties in doing two tasks simultaneously, which suggests that they 
cannot divide their attention adequately, 
These clinical impressions were apparently confirmed when psycholo­
gists introduced their specific methods of investigation in the field 
of head injury. The first psychological report on the sequelae 
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of such injuries was published by Conkey in 1 938, She administered 
a battery of 30 different tests, and according to her five of them 
tested the ability to concentrate or to focus attention. However, this 
selection of five tests seems to have been rather arbitrary, and 
not based on an explicit theory or even definition of attention . 
Nevertheless, her conclusions were that a principal result of head 
injury seemed to be a loss of power to sustain attention. In later 
studies too (Ruesch, 1944 a and b; Dencker and Lofving, 1958) 
statements about attentional deficits are found that in retrospect 
seem not fully justified, or even post-hoc interpretations . More� 
over, attentional deficits are sometimes assumed to explain poor 
performance on tasks that were meant to test other psychological 
functions, So-called "lapses of attention" in particular have been 
serving as scapegoats in some studies. Thus, although psychologists 
repeated the statements of early clinical observers, their views 
were mainly based on poor performance of patients on a variety of 
psychological tests. This is hardly surprising, considering the lack 
of attentional theories at the time of their investigations. Still, 
their results may have significance in the framework of theories 
that have since been developed, In this chapter , we will attempt 
to review both older and recent literature in terms of these theo­
ries, Unless stated otherwise, all patient studies described below 
are concerned with attentional deficits in subjects who were no 
longer in a state of post-traumatic amnesia (PTA). This PTA is 
characterized by an obvious lack of continuous memory, and the dura­
tion of PTA is often considered the best index of severity in the 
case of closed head injury (Schacter and Crovitz, 1977; Brooks, 1972). 
"Everyone knows what attention is", William James said in 1890. 
In a sense he was right, as attention was a favorite topic for 
introspection by his contemporaries, James continued as follows : 
"Focalization, concentration of consciousness are of its essence. 
It implies withdrawal from some things in order to deal better 
with others". However, the rise of Gestalt psychology and Behavio-
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rism for some time banished the very word attention from psychology, 
as both schools tried to do without the concept, and attention as a 
concept was non-existent for the science of psychology from 1920 
up till the fifties, Following World War II there was a revival 
of interest, which stemmed from practical questions. In the armed 
services a troublesome decrease of vigilance had been observed in 
people doing monotonous watch-keeping tasks (sonar, radar) while 
in industry the development of complicated man-machine systems had 
likewise revealed the limitations of attention. The research on 
attention was highly stimulated by the publication of Broadbent ' s  
book "Perception and Communication" (1958) which introduced the 
"human information processing" approach. The next decade saw an 
outburst of books, chapters and articles devoted to the subject, 
but this did not bring theoretical consensus or even a generally 
agreed upon definition of attention, In 1969 Moray stated, that the 
terminology related to the subject was "at best confusing and at worst 
a mess". Or, to paraphrase James, it seemed that everyone thought 
that he or she alone knew what attention was, Another decade later, 
it may be concluded that the terminological confusion was the result 
of the growing apart of three different approaches to attention , 
each approach bringing its own definitions and concepts. The approa­
ches can be characterized by the concepts of selectivity, speed of 
information processing, and alertness. The structure of the present 
chapter is determined by this triad, while in addition a section 
is dedicated to the so-called "coping hypothesis" . A short overview 
of the issues in all four fields will be given in the next sections, 
each section considering both theories of normal functioning and data 
on pathological functioning derived from experimental studies with 
head-injured subjects. 
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SELECTIVE ATTENTION 
Theories Selectivity is the oldest meaning in which the word atten­
tion is used, as can be seen in the James ' quotation above, All day 
long a continuous stream of stimulation reaches our senses, but the 
bulk of this stimulation is apparently ignored, At the same time a 
vast amount of information is present in the memory system, but 
again the actual behavior of an organism is determined by a frac­
tion of this information only. Thus, selective mechanisms must p�ay 
an important role. A well-kno�n illustration of our selectivity is 
found in the so-called cocktail party phenomenon: in a crowded room 
with a hum of voices, we can easily focus on the voice of our 
conversation partner while ignoring the others. In the laboratory 
selective attention has been studied extensively with the "speech 
shadowing task": a subject is presented simultaneously with two 
different auditory messages, and he is instructed to repeat 
(shadow) one of them word by word. Subjects have little problems in 
performing such tasks, at least when the messages can be discri­
minated on the basis of obvious physical cues, For example, sha­
dowing can be perfect when the relevant message is fed by earphones 
into the right ear, while the irrelavant message is fed into the 
left ear, Likewise, subjects can shadow easily when one message 
is spoken in a female voice and the other one in a male voice 
(Broadbent, 1971). 
This selectivity is of course very efficient, but at the sa�e time 
it introduces a bottleneck in the information processing of an 
organism :  beyond a certain point in time between stimulation and 
responding, only the selected stimulus can be processed and responded 
to , Theories of attention have always been concerned with the 
question where this bottleneck should be located in the information 
processing system. 
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Implied in most theories of selective attention is the notion that 
levels of abstraction can be specified in the analysis of sensory 
stimulation. At first, obvious physical characteristics are extrac­
ted, like the color of a stimulus or its position in space. 
Thereupon patterns or Gestalts are formed, and subsequently inter­
pretation occurs. Finally, a motor program may be selected and exe­
cuted. Untill recently all theories had a strong structural compo­
nent, in the sense that they located the selective mechanisms at 
a fixed level of abstraction. After Broadbent (1958) all theories 
in essence accepted an early stage in which stimulation from diffe­
rent sources was processed in parallel through separate channels, 
but they differed in respect to the level at which this parallel 
processing was supposed to stop. Broadbent's filter theory assumed 
that selection occured immediately after abstracting raw physical 
features from the various channels, the filter excluding all other 
information ( see figure 7). This view was shown to be untenable, as 
can be illustrated with daily events: even when a reader is completely 
involved in a fascinating book, he will raise his head when his name 
is spoken. This indicates that auditory stimulation was processed up 
to the semantic or meaning level along with the visual information 
from the book. In the laboratory too it has been noted that intrusions 
occur, i. e. parts of the irrelevant message may slip in when they fit 
well into the context of the relevant message (Gray and Wedderburn, 
1960). Such evidence led Deutsch and Deutsch (1963) to the theory that 
the bottleneck occurs after the extraction of meaning, in the stage 
of response selection. 
However, the weakness of this latter theory was, that it could not 
explain why selection based on obvious physical cues was much easier 
than selection based on meaning. Therefore, the most recent genera­
tion of structural models featured two selective mechanisms: one 
at the stage of the filter, and one at the stage of the response 
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Figure 7. Broadbent ' s  filter model, in a s lightly modified version. 
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\las held that the filter did not operate in an all-or-none fashion. 
Rather, it was assumed that the filter attenuated the information from 
different channnels to degrees controlled by the subject. Stimu­
lation that had to be ignored was supposed to be given a much shal­
lower processing, and it would only control behavior if the outcome 
of it ' s  processing was highly pertinent in the situation - for exam­
ple, when it presented a signal of imminent danger . The latter selec­
tion mechanism was called "pigeonholing" and had to do with the 
setting of "pertinence tresholds" for the outcome of earlier pro­
cessing. If the treshold was very low for a particular outcome stem­
ming from irrelevant stimulation (e.g. fitting quite well in the 
context of the attended message), this irrelevant stimulation would 
as yet control behavior. 
Norman ( 1970) formulates his critique against such a two-stage theory 
of selective attention as follows (page 33): 
"The problem with this is simply that it is difficult to see how 
Treisman can both have a savings in the number of signals that 
must be analyzed (an attenuated signal, after all, acts like it 
is hardly there at all) and an analysis of all signals \1hen it is 
convenient (the attenuated signal is still there, after all). " 
Fundamentally, this critique also applies to the theory presented 
by Broadbent, as qualitative differences between "limited capa­
city" processing of selected information and "shallow" processing 
of attenuated information are not specified. Recent approaches to 
selective attention focus on the specification of such a qualita­
tive difference by postulating automatic (pre-attentive) versus 
consciously controlled (attentive, limited capacity) modes of infor­
mation processing. 
When looking at the human information processor, one is struck 
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Figure 8. The two-process model of information processing as described by Shiffrin and Schneider, 1977. 
(slightly modified version). ATT. DIR. = attention director, AR = automatic response, in this case 
compatible with CR = controlled response. FAD = Focused Attention Deficit: a result of automatic 
processing intruding in the domain of controlled processing. DAD = Divided Attention Deficit, when 
rate of controlled processing is too low. Short term store is an activated part of long term store. 
vities simultaneously. For example, we can sing a song while driving 
our car, and we can even go on singing while shifting gears - at least 
during the chorus, The point is, that even complex motor patterns do 
not seem "to ask our attention", provided that they are well-trained, 
This ease in performing an overlearned skill contrasts sharply with 
the laborious process of the initial learning, when the task de­
manded our full attention, The distinction between processes that 
do and do not ask our attention led Neisser (1967) to postulate 
a dichotomy of pre-attentive and attentive processes. Learning or 
practice played an important role in his theory, and he demonstra­
ted that detection in a visual search task may become automatic 
by practice, Although the distinction between attentive and non­
attentive processes has been eleborated in several models (La Berge, 
1975; Shiffrin, 1975) the present chapter is best served by the two­
process theory of Shiffrin and Schneider (1977). Their theory empha­
sizes attentional limitations, and thus it might provide a link 
with pathological limitations that are encountered in the study 
of psychological deficits after head injury. The theory contrasts 
with the "structural" theories described above by the important 
feature that selectivity is not structurally connected to any fixed 
level of abstraction, or stage of processing (see Figure 8). 
Shiffrin and Schneider distinguish two forms of information pro­
cessing, that is, automatic versus controlled, All information 
entering the system is processed automatically up to the highest 
level possible without conscious control, This processing is based 
on activation of a learned sequence of long-term memory elements; 
it is initiated by appropriate inputs, and then proceeds automati­
cally. It is even possible that a complete stimulus-response chain 
occurs automaticqlly, in particular in familiar situations. In other 
words, automatic processing happens without subject control, 
without stressing the capacity limitations of the system, and without 
demanding attention. The importance of learning can be illustrated 
with the example of reading: when a text is presented to a skilled 
77 
reader this text will be processed automatically up to a level 
of global meaning, On the other hand, when a Chinese text is 
presented automatic processing will stop at a level where the 
subject sees some figures that are meaningless, at least to him. 
The results of automatic processing can "come to our attention" in 
two ways , A learned response tendency may interfere with the task 
at hand, or the results of automatic processing may be read out 
by conscious processes under control of the subject. Controlled 
processing is a temporary activation of a sequence of elements 
that can be set up quickly and easily, but requires attention. 
It is capacity limited, and usually serial in nature , It typically 
occurs in new situations where the subj ect cannot rely on 
prior experience, 
Within this two-process-model a dichotomy is specified of quali­
tatively different limitations of selective attention. The first 
class is termed Focused Attention Deficits (FAD ' s). These result 
from automatic response tendencies which conflict with responses 
required in the task at hand, The second class is termed Divided 
Attention Deficits (DAD ' s). These result from speed limitations 
of consciously controlled processing. Because of their intimate 
connection with processing speed, DAD ' s  will be discussed in the 
paragraph on "Speed of processing". 
In normal subjects FAD ' s  tend to occur when an unfamiliar response 
must be given to a stimu�us which has a conflicting response ten­
dency very strongly attached to it. This conflicting stimulus-res­
ponse bond is the result of earlier training in a comparable con­
text, to a degree at which automatization of processing occurred. 
In most situations, healthy subjects are able to suppress the exe­
cution of the conflicting response, the only evidence for the occur­
rence of distraction being the low speed of executing the new, less 
familiar task, A classic example of such a FAD is found in the inter­
ference effect of the Stroop Color Word Test (Stroop, 1935) , 
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This test consists of three subtests. In the first, the subject 
is asked to read aloud 100 simple color names, like red, blue, blue, 
yellow, red etc. , as quickly as possible. In the second subtest, 
he is asked to name the colors of 100 colored blocks printed on 
a card in the same array as the words in the first subtest, Final­
ly, J OO color names are presented, likewise printed on a card. 
However, each word is now printed in colored ink, and the actual 
color of the letters does not fit the word meaning. Thus, the sub­
j ect may see the word "red" printed in blue, He is then asked to 
name the colors of the words as quickly as possible, while ignoring 
the word meaning, This turns out to be very difficult, as the 
word meanings are constantly entering the domain of conscious 
processing, Therefore, every subject, unless illiterate or in need 
of reading glasses, will need much more time for color naming 
on the third card, and the magnitude of the difference is an index 
for the interference effect, This Stroop test clearly illustrates 
the mechanism of a FAD : although the subj ect knows quite well 
which input is relevant, he cannot avoid the irrelevant input -
due to automic response tendencies found in every skilled reader. 
FAD ' s  are not just laboratory phenomena, but occur frequently 
in daily life, The man who has bought a new car from a make that 
he never drove before will find out that in the first days behind 
the steering wheel he will start automatic actions that lead him 
nowhere - as the handle of the winking indicator is now situated on 
the other side of the steering column. Or, to give another example of 
interruption by results of automatic processing : suppose we are in a 
restaurant, enj oying a good meal and a merry conversation. Without 
eavesdropping we may suddenly notice that behind our back, at the 
next table, a foreign language is spoken. This proves that these 
auditory stimuli. corning from human sources had been processed 
automatically, hence without any effort on our part, up to the 
phonetic level . Thus it came to our attention that peculiar phonemes 
were to be heard, which were then classified by conscious 
processing as stemming from a particular foreign language. 
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Before reviewing evidence on focused attention in head injured pa­
tients, we will summarize briefly the evolution that took place in 
the theorizing about selectivity. At first, selective attention was 
assumed to be a perceptual phenomenon occuring in an early stage 
of information processing. As it became clear that irrelevant in­
formation may also give intrusions on higher levels of abstraction 
(for example, by its meaning) subsequent theories located the struc­
tural bottleneck in the response selection stage, At the same time, 
investigators began to emphasize the distinction between pre-atten­
tive and attentive processes, This distinction became the essential 
feature in the two-process �odel of Shiffrin and Schneider that ele­
borated two forms of information processing: automatic and controlled, 
The first form does not demand conscious effort, and is the result 
of practice or learning. The products of automatic processing may 
interfere with conscious processing in � stage, implying that 
the two-process model does not locate a bottleneck in a particular 
stage of processing like the preceding structural models did. 
Pathology of focused attention 
In terms of the Shiffrin and Schneider theory , deficits of focused 
attention occur only when automatized response tendencies are attached 
to irrelevant stimulation. However, the older theories gave a some­
what broader definition of focused attention (Broadbent, 197 1), 
Most of them postulated that even irrelevant information to which 
no response tendencies were attached had to be actively attenuated 
by the "filter", According to Shiffrin and Schneider however , this 
information would just passively decay in short-term-memory, and 
henceforth would not require any selective mechanism to stop it. 
As we want to do justice to older head injury research aimed at 
focused attention as well, we must discuss two experiments that do 
not fit into the theoretical framework adopted in this chapter : 
in two studies an attempt has been made to assess the integrity of 
filtering, 
80 
As stated in the Introduction early psychological investigators 
(Conkey, 1938; Ruesch, 1944 a and b) had some doubts about their 
subjects ' ability to concentrate on a given task. However, remarks 
about selectivity in these papers seemed to be based mainly on 
careful observation of patients during tests. Dencker and Lofving 
(1958) were the first investigators who used specific tests aiming 
at attentional deficits. They tested 28 monozygotic twins, in whom 
one had sustained a closed head injury, while his brother or sister 
served as a control subject. Two thirds of the patients had shown a 
PTA duration of one hour or less, making them cases of "mild concus­
sion" in terms of the Russell classification of severity ( 1936) . 
They were tested at an average interval of 10 years after injury, 
which forces us to assume that many of the mild injury cases had 
recovered more or less completely. Dencker and Lofving presented 
two texts to their subjects , by reading them aloud - the first story 
was about a French acrobat, the second about a Dutch sportsman. 
While the story about the acrobat was read, a record was played of 
about a dozen persons talking simultaneously. In this way Dencker and 
Lofving wanted to test sensitivity to distraction with the hypo­
thesis that this would be increased in the head injured group. 
Immediately after presentation of the text, seven questions were as­
ked about its content. It turned out, that the irrelevant stimulation 
had no effect at all on the performance of either group, as jud-
ged by the number of correctly answered questions. Both the head 
injured patients and their siblings knew the fortunes of the French 
acrobat as well as these of the Dutch sportsman. Therefore the con­
clusion was , that this experimental group showed no deficit in 
focusing based on an obvious physical dimension. It must be stressed 
however, that there were no well-trained interfering response tenden­
cies attached to -the irrelevant stimulation. 
8 1  
Gronwall and Sampson (1974) tested focused attention in the "Hroad­
bent sense" in five concussed patients with a duration of PTA of less 
than one hour, Within 24 hours after admission to the hospital these 
subjects were tested with dichotic stimulation: by headphones two 
messages were presented simultaneously, and subjects were instruc­
ted to "shadow" the message in their left ear while ignoring the 
other one, In Part I of the experiment, two word lists were presen­
ted; in Part II the relevant message was a text on dieting and 
the irrelevant message a text on drug-taking. As there were no 
intrusions at all from the irrelevant messages the authors conclu­
ded that their patients showed no deficit in selectivity, 
These two studies made use of very obvious cues to decide on relevance: 
experimenter versus record, left ear versus right ear, In other words, 
selection in these experiments was possible on the basis of physical 
dimensions and did not demand much of the selective strategy 
the subjects used, Moray (1969) for example has pointed out, that ear 
of presentation is a very potent cue to selective attention, Also, 
there were no conflicting response tendencies attached to the distrac­
ting stimulation , In terms of Shiffrin and Schneider ' s  theory these 
results only indicate that the patients ' strategy for reading out 
activated memories was about as efficient as the one of the control 
group, Next, a series of experiments will be described that were also 
concerned with focused attention, They differ from the experiments 
reviewed so far by introducing in the tests well trained response 
tendencies attached to ir.relevant stimulation, and thus they 
should be good techniques to assess abnormal FAD ' s  after head injury, 
Dencker and Lofving ( 1958 ) included in their investigation a 
test of mirror-drawing; this test requires the suppression of the 
habitual visuo-motor responses in order to deal with the new situa­
tion of visual feedback in mirror image, This is clearly an example 
of interference from overtrained responses, that is, of a FAD in 
terms of Shiffrin and Schneider, The task is usually experienced as 
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difficult by normal subjects, but the head injured group in the Swe­
dish study took significantly more time to complete the task than 
a control group, Still, this cannot be explained conclusively as 
a sign of pathological response interference in the patients: no 
comparison was made of drawing speed in both groups without the 
hindrance of mirror feedback, and thus it could be stated that 
the experimental group is only performing slower, but without 
qualitative differences from the control group. 
In two British studies the Stroop Color Word Test has been presen­
ted to head injury patients. The reader will remember that this 
test consists of three subtests : reading color names, naming 
the colors of blocks, and naming the colors of words that are them­
selves color names, Chadwick (1976) compared head injured children 
with orthopedic controls, testing them one and four months after 
injury, He found a difference between groups, the head injured 
children being slower on all three subtests. However, there was no 
specific effect of response interference in the last subtest .  
Thomas (1977) reported similar results when studying a group of 
adult patients with mild concussions. 
In our own laboratory we studied response interference by means 
of visual choice reaction times · ) .  Twenty patients with injuries 
ranging from mild to very severe in the Russell scale were tested 
between 3 and 12 months after injury. Their RT was registrated in 
a 4-choice task with a very high stimulus-response compatibility: 
the stimuli were themselves push-buttons that had to be pushed 
as quickly as possible when they were lighted, Total RT was split 
up in a decision time (DT) , being the interval from stimulus onset 
untill the beginning of the subject's movement towards the light, 
& )  This experiment will be described in more detail in section 6.2. 
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and a movement time (MT), being the interval required for swit-
ching off the light after leaving the resting point. Next, this 
4-choice task was repeated, but this time an irrelevant stimulus 
appeared simultaneously with each relevant one. That is, on the panel 
were additional lights in close proximity to the stimulus lights, 
and these were physically completely identical to the latter ones, 
As a result, the presentation of these twin lights evoked con­
flicting response tendencies in the subjects. When comparing 
the performance of the patients with a group of control subjects, 
matched on age and sex, in an analysis of variance two main effects 
were found on DT. The patients had significantly longer DT ' s  
(F-ratio 49.SS, df I, p < ,00 1) than the controls, and both 
groups had significantly longer DT ' s  on the distraction task than 
on the original 4-choice task. (F-ratio 247, 57., df 1,38, p < ,00 1). 
Moreover, there was a significant interaction between groups and 
tasks : the irrelevant stimuli had a much stronger distracting 
effect on the head-injured group than on the control group 
F-ratio 18, 47, df I ,  p ( ,001). That distraction was effective 
by inducing response interference was confirmed in a experiment 
on normal subjects �). Twelve medical students performed the basic 
4-choice task, and the same task under distraction, on two succes­
sive days : once with a warning signal, and once without, Presen­
ting a warning signal implies reduction of time uncertainty, and 
this variable is known (Sternberg, 1969) to influence the stage 
of response selection in information processing. Applying Stern­
berg ' s  "additive factor method" we found an interaction between 
time uncertainty and distraction, and this indicated that the 
distraction by irrelevant stimuli indeed affected the stage of 
response selection, Concerning HT in the head-injured group: 
the analysis of variance revealed that the patients moved signi­
ficantly slower than the controls, overal l  MT being 242 msec 
• )  This experiment will be described in more detail in section 6.3. 
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for the head injury group and 185 msec for the control group 
( F-ratio 14. 15, df 1, 38, P <  .005 ). Distraction did not prolong MT, 
which suggests that both patients and controls "looked before they 
leaped" and then moved at a speed comparable to their speed in 
the basic task. 
The outcome of this experiment was statistically very clear: dis­
traction had a disproportionate effect on the patients. The theo­
retical explanation is nevertheless difficult, The distraction 
effect cannot be explained as a FAD, as subjects had never been 
trained to react to the irrelevant stimuli. On the other hand, 
because of their close proximity and resemblance one could state 
that they evoked the response tendencies that were shaped du-
ring training on the relevant lights, by stimulus generalization, 
In our view, the distraction effect is best explained as a DAD, 
that is, as a slowing down of consciously controlled processing. 
Both patients and control subjects experience response conflict 
in the distraction task, and this results in longer DT than were 
registered in the basic 4-choice task ,  The extra time is necessary 
for dealing with the conflict, i.e. for making a final choice where 
to go. It seems then, that head injured patients need more time 
than controls to deal with response interference. In other words, 
the experiment merely points out, that patients show a slowing down 
of controlled processing, but it brought no evidence for a deficit 
in focused attention, 
Recently Miller and Cruzat (198 1 )  investigated the effect of dis­
tracting stimuli on speed of card sorting in head-injured sub­
jects, The test was presented to a "mild" group, with a median 
PTA duration of 20 minutes, and to a "severe" group with a median 
PTA duration of 9 days. Piles of cards had to be sorted on the 
occurrence of the letter A or B, while a variable number of 
distracting letters was printed on the cards (in conditions with 
O, I, 4 or 8 irrelevant letters). It appeared that only the 
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severely injured group was significantly slower than a control 
group, but there was no interaction between severity and task dif­
ficulty , In other words, an increase in the number of irrelevant 
letters on the cards had no specific effect on the sorting speed 
of these patients. Hiller and Cruzat supposed, that the generally 
slower speed of sorting in the severely injured group was 
explicable on the basis of slower reaction times. 
Summary So far, there is no evidence for a deficit of focused 
attention in people who have sustained a head injury . Never­
theless, it seems too early to make a final statement on the matter. 
The auditory experiments described above made use of very obvious 
cues for the selection of relevant information, while in addition 
only cases of mild head injury were tested , In the visual moda-
lity the Stroop Color \ford Test likewise failed to reveal a 
deficit in selectivity , when presented to children with varying 
severity of injury and to adults with mild head injuries, 
Finally, a mirror-drawing task, a visual reaction time task with 
distracting stimuli, and a card-sorting task with distracting 
stimuli all demonstrated that patients performed slower than 
control subjects , However, in these experiments the control groups 
were hindered as well by the experimental variables. There-
fore, the stronger effects on the head injury patients cannot 
be explained simply as proof of a deficit in selective attention , 
Rather, they may indicate that the patients are � in dealing 
with interference from irrelevant stimulation that could be 
ignored neither by patients nor by controls, This brings us to 
the issue of the next paragraph: attention defined in terms of 
speed of processing, 
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SPEED OF INFORMATION PROCESSING 
Theories In the James' definition of attention, selection of 
certain stimuli was described more or less as an act of will: 
the perceiver decided to withdraw from some things in order to 
deal better with others, Today a more realistic view has emerged, 
i. e. an organism is forced to ignore most of the stimulation that 
reaches its senses, by the limitations of its information pro­
cessing capacity, It is simply impossible to deal with all 
available information, and this fact links the selectivity des­
cribed in the preceding paragraph to processing capacity. 
Stated otherwise, the speed with which we can process information 
will partly determine what we will notice, and how much will go 
unnoticed, We only have a limited amount of attention to pay, and 
the limitation seems to be found in the rate of controlled pro­
cessing. 
The reader will remember the distinction made by Shiffrin and 
Schneider (1977) between automatic and controlled processing, 
and the Focused Attention Deficit featuring in this two-process 
model. In addition to this FAD, the authors also describe a 
Divided Attention Deficit or DAD. This deficit is linked in 
particular with controlled processing, a mode of processing that 
is supposed to be capacity-limited and usually serial in nature, 
It makes use of the results of preceding automatic processing, and 
it operates on this information by means of a strategy formed on 
the basis of instruction, prior learning and context. Transfor­
mations are carried out and responses have to be selected from 
the behavioral repertoire, However, the number of operations pos­
sible in a certain time unit is finite. Whenever controlled pro­
cessing fails to deal with all information that should be pro­
cessed for optimal task performance, a DAD occurs. The term 
"divided" in this context refers to the fact that the available 
processing capacity must be divided over several cognitive ope-
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rations required for task performance , Jus t like FAD ' s  these DAD ' s  
are very common in daily life . Whenever we ask the way t o  our 
des tination in a town we never visi ted before , the kind informant 
wi ll  give us a comp licated ins truction,  lis ting the second s tree t 
on our righ t ,  a public  garden,  a lef t  turn , a gas s tation etc . 
As this ins truction usually exceeds our process ing cap aci ty ,  we 
wi ll  thank our ins tructor wi th the silent intention to ask again 
along the road , 
Al though the proper choice of a control strategy may help us to · 
deal wi th an overload of information , i t  wi l l  be clear that t ime 
is a cri tical factor for the occurrence of DAD ' s ,  in particular 
time pres sure . I t  is useful to make a dis tinction be tween extrin­
sic  and intrins ic  time pressure , Extrins ic  time pressure may be 
induced by an inves tigator in the psychological l aboratory , when 
he manipula tes the rate of s timulus presentation, or by daily 
life t asks that present es sential information at  high speed .  On 
the o ther hand , there may be an intrins ic  time press ure s tem­
ming from the specific character of the task at hand . Accor-
ding to Kahneman ( 1 9 7 3 )  intrins ic time pres sure inevi tab ly occurs 
in tasks involving short term memory activity , like mental ari th­
met i c .  In such a task , the subj e c t ' s  rate of activi ty mus t  be paced 
by the rate of decay of the s tored e lements : when calculating 
3 x 274 the sub total 600 that we keep in s tore wi l l  tend to dis­
appear when we are working on the second part of the calculation .  
I n  the two-process  model of  Shiffrin and Schneider , automatic  pro­
cessing is des cribed as a reliab le ,  effortless  process  proceeding 
to a level of abs traction de termined by prior learning . On the 
o ther hand , controlled processing is described as a more vulnerab le 
process  subject  to FAD ' s  and DAD ' s .  It wi l l  be c lear , that an 
analysis  of attentional de ficits after closed head inj ury mus t 
ask at leas t two que s t ions : is automatic  process ing s t i l l  efficient 
and effortless after head inj ury , and is contro l led process ing dis-
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turbed to an abnormal degree by DAD's and FAD's? In the preceding 
paragraph it turned out, that there is no strong evidence for 
differences in vulnerability to FAD ' s  (or reduced focusing ability) 
in patients. We will now review what is known about speed of infor­
mation processing in people who have sustained head injuries. As the 
concept of DAD ' s  relies not only on speed but as well on control 
strategies, we will keep an eye on possible differences in strate­
gies used by patients and control subjects. 
Pathology "Mental slowness" of people with head injuries has 
been reported very frequently by clinical observers, and this 
observation was confirmed when psychologists began to study the 
effects of head injury. In contrast to early statements about 
"attention", the reports on slowness are less questionable. 
For example, Ruesch (1944a) reported that his patients were slow 
in color naming and in reading. In a second study (Ruesch, 1944b) 
he demonstrated that acute head injury patients, tested while 
still in hospital, showed significantly longer reaction times 
than control subjects. It is probable that in both studies some 
of the patients in the acute groups were still in PTA. In 196 1 
Norrman and Svahn reported on the reaction time (RT) of 22 
patients who had suffered a severe cerebral concussion at least 
two years earlier, and who had been in coma for at least one 
week after the injury. In this group, a 3-choice reaction to 
visual stimuli revealed a highly significant slowness in compa­
rison with a control group of neurotics. A simple visual reac­
tion revealed no difference between the groups�). 
Decreased speed of information processing is illustrated best by 
some recent studies of RT after head injury. In 1969 Miller 
(personal communication) was asked to assess a professional foot-
A )  This section shows a partial overlap with section 3. 2, where 
early RT studies were reviewed. 
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baller from a famous British club, who had suffered a severe 
head injury in a road traffic accident. Following this the sports­
man lost his place in the first team and was unable to hold a 
place in any of the club ' s  regular sides. The reason for his poor 
play, according to the club ' s  manager and trainer, was slow 
reactions. This led Hiller (1970) to investigate visual RT in 
a small group of head injury victims, comparing their performance 
with the behavior of a control group matched on sex and age. 
His subjects had been in PTA for over a week ( very severe con-
cussion, in the Russell clasification and were tested between · 
3 and 12 months after injury, The apparatus used differed markedly 
from instruments in earlier clinical studies, mainly by the use 
of symbolic stimuli. �he subjects were standing at a horizontal 
panel that showed push-buttons in a circular array, the buttons 
being numbered from I to 8, They kept the index finger of their 
preffered hand on a central button until a number appeared in a 
small visual display facing the subject. As soon as this number 
appeared subjects were required to release the central button and 
press the appropriate button in the surrounding array, In any condi­
tion, subjects were told which numbers could be expected and 
which push-buttons were to be used, RT ,las tested under four con­
ditions, with increasing numbers of stimulus alternatives, i.e. 
I ,  2, 4 and 8 numbers, 
The groups differed in speed of reaction, the head injury group 
being slower in all conditions. 11oreover, the extent of the diffe­
rences increased with the complexity of the task, that is, with 
log2 of the number of stimulus alternatives, Analysis of variance 
accordingly revealed a significant interaction between groups and 
conditions. 11iller was the first to describe clinical RT data 
in terms of information theory: the more bits of information to 
be processed, the greater the difference between groups. Hiller 
concluded, that the effect of head injury must be to slow down 
the decision making and information processing abilities of the 
subjects. 
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Gronwall and Sampson (1974) tested visual choice RT in 1 2  mildly 
concussed males, with PTA duration of less than one hour. Pa­
tients were tested within 24 hours of admission to the hospital, 
and their performance was compared to the performance of 12 Navy 
ratings in the same age range . Subjects were tested with 2, 4, 6, 
8 and J O-choice tasks, the sti�ulus being a table-tennis ball 
falling down the alleys of a pin-ball machine . Response keys 
were set at the base of each alley, and numbered one to ten from 
left to right . Two forms of responding were measured, characterized 
by the authors as non-symbolic and sy�bolic. In the non-symbolic 
form, subjects simply had to press the key of the alley in which 
the ball appeared . In the symbolic form, the alleys got numbers 
running one to ten from right to left, that is, contrary to 
the numbering of the keys . Subjects were now required to press the 
key indicated by the number of the alley in which the ball appeared. 
Thus, in the symbolic two choice task, the alleys 5 and 6 in the middle 
of the panel were used, and subjects were expected to press key 6 
when the ball entered alley 5 .  It turned out, that the concussed 
patients had significantly longer RT ' s  at the eight- and ten-choice 
symbolic tasks only . It will be clear, that the symbolic form 
of this test had a low stimulus-response compatibility. Looking 
at the overall results of the symbolic test form there was no 
significant interaction between groups and numbers of choices . 
However, as Mann-Whitney U-tests showed that the concussed patients 
had significantly longer RT's in the most complex subtests only, 
the authors concluded that central processing time was significant-
ly increased following concussion. 
Both in Miller ' s  and Gronwall and Sampson ' s  experiments the usual 
linear relation between information transmitted and RT was 
found in the control group as well as in the patient group . This 
makes it unlikely that the patients used a different strategy of 
processing. 
9 1  
Van Zomeren and Deelman (1976) compared simple and 4-choice visual 
RT in 20 subjects with varying severity of injury and 20 control 
subjects matched on sex and age , They found a significant inter­
action of groups and tasks, and in a second experiment they demon­
strated that the slowing down of information processing was 
proportional to severity of injury as expressed in duration of 
coma. A follow-up study covering two years after injury (Van Zo­
meren and Deelman, 1978) revealed, that even after almost two 
years the most severe group, with a coma lasting over a week, 
performed significantly slower than less severely injured groups 
on the 4-choice task. 
The investigations described above indicate, that RT of head injured 
patients is influenced disproportionately by two variables: 
number of stimulus alternatives, and stimulus-response compatibili­
ty. Both these variables are thought to influence the stages of 
response selection (Theios, 1975 ; Sanders, 1977) in information 
processing. In a more global sense, these KT data give evidence 
for a slowing down of controlled processing as described by 
Shiffrin and Schneider (1977). Leaving the field of RT, another 
study indicating a slowing down of controlled processing must be 
quoted. Gronwall and Sampson (1974) studied the effect of head 
injury with the Paced Auditory Serial Addition Task or PASAT, a 
task that is clearly aiming at DAD ' s. In this test tape-recorded 
one-digit numbers are presented in different blocks at different 
rates. Subjects are required to add every pair of successive num­
bers and to give the answ�r immediately. This implies dividing 
attention between stimuli , stored memory elements , mental trans­
formations and responding. The dependent variable is the percen­
tage of correct answers. Gronwall and Sampson presented this task 
to hospital controls and concussed patients classified in two de­
grees of severity according to duration of PTA , Patients were signi­
ficantly more influenced by rate of presentation, and within the 
patient group there was an interaction of severity and rate of 
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presentation . Further, it was unlikely that patients used a quali­
tatively different control strategy in the light of the following 
findings: 
I. the nature of errors did not discriminate patients from controls 
2 .  without time pressure both patients and controls could do 
the task almost perfectly 
3 .  early processing upto the level of meaning of individual ver­
bal stimuli was investigated and found to be normal in these 
patients. 
Therefore it may be concluded that decreased PASAT performance under 
time pressure is probably the result of slow execution of a qua­
litatively normal control strategy. A decreased PASAT performance 
was not found by Thomas (1977) when testing a head injured group of 
comparable severity . However, she used a lower rate of presentation, 
and thus her results may well indicate that speed of processing is 
indeed the critical factor. On the basis of patterns of correla­
tions between performances on various tests she stated: "The 
speed component seems to be more important in the head-injured 
group than the controls, also, since the tests involving speed 
correlate together only in the head-injured group". 
It seems then, that there is convincing evidence for a slowing down 
of controlled processing of information after head injury. 
But apart from this central slowness there are also some sugges­
tions of decreased perceptual speed. Both Dencker and Lofving 
(1958) and Ruesch (1944b) reported that head injured patients 
needed longer exposure times than control subjects before they 
could name familiar objects or words presented in a tachistoscope . 
These findings suggest, that automatic processing may as well be 
influenced by head· injury, if we assume that recognition of fami­
liar objects and words automatically results from the proper phy­
sical input . The tachistoscope experi�ents at least indicate, 
that early stages of processing deserve a further experimental 
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analysis in head injured subjects. Further, it has been mentioned 
that movement ti�es can be prolonged, and thus it is obviously 
not justified to interpret a slow performance on any task in 
terms of controlled processing only. 
Sunnnary To summarize this section: early clinical observations of 
mental slowness have been objectified and confirmed by psycho­
logical studies. This slowness is mainly explained by a decreased 
rate of controlled processing, although there is some evidence 
for a slowing down of perceptual and motor stages as well. The 
slowing down of information processing must result in attentional 
deficits, as the patients can no longer deal with the information 
that is necessary for optimal task performance. Stated otherwise 
the head injury patient has less attention to pay than the healthy 
individual. 
ALERTNESS 
Theory Human performance is not constant over time. There are both 
phasic and tonic shifts in the efficiency or quality of behavior 
that are best explained in terms of fluctuations of "alertness". 
This is the third sense in which the word attention is used. 
According to Posner ( 1975) alertness refers to a hypothetical 
state of the central nervous system which affects general recep­
tivity to stimulation. This state may vary from a very low level 
in sleep to a high level in wakefulness. Changes in alertness affect 
performance on many tasks, and are accompanied by changes in electro­
physiological indices. Therefore the study of alertness has been 
the domain of psychophysiologists in particular. Although it is 
beyond the scope of this chapter to discuss theoretical views 
in great detail, a distinction has to be made between phasic and 
tonic changes in alertness. 
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Phasic changes in alertness occur rapidly, and depend on a sub­
ject's interests and intentions. The best example would be the 
effect of a warning signal (WS) on a subject ' s  preparations for 
action: although he will show no overt behavior yet, his EEG will 
show slow negative shifts in widespread cortical regions. This 
phenomenon has become known as the Contingent Negative Variation 
(CNV) or Expectancy Wave (Grey Walter, 1964). Further study re­
vealed that the CNV consists of at least two components 
(e.g. Gaillard, 1978). An early component is related to the 
information present in the WS, while later components are signs 
of preparation for action. The early component peaks at about 600 
msecs after the HS, and has its maximum at frontal electrodes. 
A second negative component peaks just about the moment when the 
second (imperative) stimulus appears, and this shift is maximal at 
central sites, see figure 9. 
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Figure 9. Recordings of  CNV' s accompanying the _IO fastest and I 0 
slowest reactions in a RT-task (averaged over 20 subjects). CNV ' s  were 
recorded over the left motor area (C3) , during a 4 second foreperiod. 
A large CNV usually precedes a fast reaction. WS = warning signal, 
RS = response (from Brunia and Vingerhoets, 198 1). 
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When a faot  motor response to the imperative stimulus is required, 
there is a specific negativity superimposed on the second component. 
This is looked upon as a sign of specific motor preparation, and 
has been termed a "Bereitschaftspotential" in German (readiness 
potential). When a unimanual motor response is required, the Bereit­
schaftspotential is lateralized, i.e. stronger in the active hemis­
phere. The CNV components described are dependent on the task rele­
vance of the signals, and on the association of the WS and the impe­
rative stimulus , In a laboratory experiment the WS will fail to 
evoke a CNV as soon as the experimenter tells the subject that 
he can ignore the warning stimulus, These phenomena have been 
studied by psychophysiologists in their laboratories, but they 
must obviously be present in daily life too. A sprinter wai-
ting for the starting shot will show clear cortical signs of 
motor preparation , Or, to take a more common example: the brain 
of a car-driver waiting for a traffic-light is idling, like his 
engine, until he notices that crossing traffic is stopping. As 
this is a sign that his light will turn green, it is very likely 
that a CNV occurs in his brain from then on � ). 
Tonic changes of alertness occur slowly and involuntarily, and 
are mostly explained as resulting from physiological changes 
in the organism , A well known example would be the diurnal rythm: 
there is a gradual change in many autonomic indicants over the 
course of the day, and this is accompanied by a change in perfor­
mance on particular tasks . This change may be negative, as 
is illustrated by the notorious "post-lunch dip". On the other 
hand, the effect may be positive in simple tasks, as was demon­
strated by Broadbent (197 1) who found an increase in the ability 
to discriminate signals over the day, A specific kind of change 
in tonic alertness is the one that can be observed within half 
�) In some countries the green light is preceded by an amber light. 
In the absence of such a formal WS, many drivers will compensate 
for it by attending to the behavior of their fellow traffic 
participants. 
an hour when subjects are expected to stay alert in a monotonous, 
low event rate watch-keeping situation. As mentioned in the Intro­
duction of this chapter, it was noted under war time conditions 
that people tend to miss more signals the longer they are on duty. 
Studies in the psychological laboratory (Mackworth, 1950) confir­
med that "vigilance" decreases rapidly in such situations, resul­
ting in a decrease of signal detection. The "classical" theore­
tical explanation of this phenomenon is in terms of decreased 
col lateral sensory inputs into the brain stem reticular forma­
tion (Broadbent, 197 1). 
Tonic alertness may be described as a continuing receptivity to 
stimulation, covering minutes or hours. It has been investigated 
in two ways mostly, that is, with vigilance tasks and continuous 
reaction time tasks, In vigilance tasks typically the efficiency 
of signal detection is tested, in this case in a low event rate 
situation that presents positive and negative signals differing 
slightly in intensity. In normal subjects a decrement of signal 
detection occurs within half an hour, and this is accompanied by 
an increase of drowsiness signs in the EEG. However, while there 
is a good deal of evidence that the decrement of signal detection 
is correlated with the decrease in EEG arousal, the exact nature 
of this relation is as yet unclear (Townsend and Johnson, 19 79) ,  
The usual finding in the "eyes closed" condition is, that alpha 
power gradually decreases and relative theta power increases 
over the session. When the EEG just before misses is compared with 
the EEG just before hits, analogue results are found : relatively 
little alpha and more theta before missed signals (O ' Hanlon and 
Beatty, 197 7, Groll, 1966; Williams et al. 1962). Another psycho­
physiological variable thought to be a sensitive index of alertness 
is heart rate variability (HRV). At low levels of tonic alertness 
the heart beats slower and less regular than at higher levels 
of alertness (Brouwer and Mulder, 197 7 ; Thackray et al. , 197 7). 
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In continuous reaction time tasks (Sanders and Hoogenboom, 1970) 
the stimuli are presented either paced or self-paced. In the paced 
condition the stimuli succeed each other at a rate determined by 
the experimenter. In the self-paced condition, the next stimulus 
will appear as soon as the subject has reacted to the preceding 
one. Thus, in the latter condition the subject himself determines 
the rate of presentation. Both versions are sensitive to 
time-on-task effects under stressing conditions of various 
sorts. In the case of sleep deprivation, which is suppossed to 
induce a lowered level of tonic alertness, the self-paced ver­
sion is the best choice (Broadbent , 1971). In this situation, 
relations with EEG preceding "lapses" of attention have been 
demonstrated (Schacter, 1977). 
Pathology First we will discuss phasic changes in alertness, in 
particular the process taking place in the brain of a person who 
is expecting a relevant stimulus in the immediate future. As stated 
above, a warning signal will induce a CNV and this is interpreted 
as reflecting a central process of preparation for action. On 
the behavioral level a WS is known to shorten RT, and it is like­
ly that this is related to the preparation for action during the 
foreperiod. 
So far, only one study has been published on the "expectancy wave" 
in head injured patients (Rizzo et al. , 1978). These authors stu­
died the central CNV in 27 patients with very severe head injuries 
and an average duration of coma of 15 days. As the minimum period 
between injury and test was 15 months, most patients must have been 
out of PTA. The requirement set by Rizzo et al. was, that their 
neuropsychological condition should be stabilized. The WS was 
a light flash, and after 1500 msecs a 700 Hz sound was presented 
that had to be switched off by the subject by pressing a 
push-button. A significant decrease of the CNV magnitude was 
found when the head-injured patients were compared with 80 
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normal subjects, The paper does not present corresponding RT's , 
but in the light of the available evidence on RT after head injury 
it seems very probable that this severely injured group must have 
been slower than the control group. Thus, it is likely that phasic 
alertness, as judged by EEG criteria , is not optimal after severe 
head injury. Unfortunately the limited duration of the interval 
between HS and imperative stimulus in this study, and the use 
of a single active electrode, prevent us from noticing whether 
any specific component of the CNV was influenced in particular. 
Tonic alertness may be related to the supposed deficit of 
"sustained attention" mentioned in older studies, Conkey and Ruesch 
supposed that a basic deficit after head injury was an inability 
to sustain attention on a level required for normal performance 
on some of their tests, 
Sustained attention was tested by Dencker and Lofving (1958) with a 
continuous RT task, by presenting their subjects with a I O-choice 
reaction task of 15 minutes duration, As mentioned before, their 
patient group consisted of 28 people who had been concussed many 
years ago, while the control group consisted of their twin brothers 
or sisters. The apparatus used presented 68 visual stimuli per 
minute, which amounts to 1020 stimuli in a quarter of an hour. 
The dependent measure was the number of correct reactions in each 
block of 25 successive trials, and the authors were interested 
in particular in a decline of performance over the 15 minutes inter­
val, It turned out, that the patients gave significantly fewer 
correct reactions, but there was no interaction of groups and 
time on task, In both groups no decline in the number of correct 
reactions over time was found. Therefore, it may be doubted whether 
the task indeed tapped tonic alertness or vigilance. Further , the 
task described here is different from continuous reaction tasks 
that seem most sensitive to lapses of attention in one important 
sense: it is not subject-paced. The stimuli in the Dencker and 
Lofving experiment arrived at a predetermined rate, while in most 
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studies with non-injured subjects the next stimulus appears immedia­
tely after the subject ' s  reaction to the preceding one (Sanders 
and Hoogenboom, 1970; Schacter, 1977) . Thus it remains to be seen 
what will happen in a continuous reaction task in which head 
injured patients are free to choose their own rate of working, 
and 11hich is shown to be sensitive in normal subjects. 
Tonic alertness is at the moment studied in our laboratory by 
means of an auditory vigilance task, We present a low-event-rate 
signal detection task of 30 minutes duration. Every 4 seconds 
a click is presented by means of headphones, the standard click 
being 40 decibles above subjective tresholds (assessed indi­
vidually) . One out of five clicks, randomly distributed, is 
4 decibels weaker than this standard. The subjects are instruc­
ted to give a manual response when they think a weaker click 
occurs , After this 30 minutes session, there is an activating 
break, and finally another 10 minutes are spent on the vigilance 
task, The latter part is incorporated to be able to distinguish 
between state-dependent effects and effects of learning or ex­
pectancy (Broadbent, 1971) . During the experiment subjects keep 
their eyes closed , Besides stimuli and responses, bilateral mono­
polar occipital EEG and heart rate are stored on magnetic tape. 
In 16 sessions with healthy young male adults we found clear perfor­
mance decrements during the second half of the 30 minutes sessions' ) ,  
Statistical analysis of EEG data and performance revealed signi­
ficant relations: the EEG of subjects who missed many signals al­
most invariably showed many signs of drowsiness (See Figure IO) . 
Drowsiness was judged by an experienced electroencephalographer, 
independent from behavioral data. Secondly, significant differences 
�) We would like to thank Dr.S. Boonstra for his judgment of 




0 - lOmin 15 - 25 m  
after 
break 
0 - IO m  
CONT ROLS 
D constant level of alertness n. 8 
shi fted towards 
(:::::::::::::::j drowsiness n = 8 
50 
before break 
0 - lS m 15 - 25 m 
PAT I ENTS 
after 
break 





·;;; "' ·e 
0 
� 
Figure 10. Drowsiness and omissions in three stages of a vigilance 
task, in control subjects and patients. Percentages of missed signals 
and percentages of time subjects were drowsy are presented separately 
for subjects who showed a significant change of background EEG to­
wards drowsiness, and for those who did not. In the control group 
drowsiness occurred to a significant extent in 50% of the subjects, 
while in the patient gToup only 18% became drowsy. Data from 5 patient 
registrations are not included, as these subjects could not reach an 
adequate level of performance (70% hits) during training . 
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between the power spectrum of the EEG preceding hits and the EEG 
preceding misses were found only in those subjects who had a drow­
sy background EEG, which was in accordance with the findings of 
Townsend and Johnson (1979), 
In 17 registrations taken from young male adults who had suffered 
severe closed head injuries less than 6 months before, and who were 
all out of PTA, basically the same relationships between EEG and 
performance were found, However, in only three of these sessions 
drowsiness occured, and in these a strong performance decrement 
in the second half of the 30 minutes sessions were observed, The 
other registrations showed persistently alert EEG ' s  during the task, 
while signal detection was also quite stable over time (see fi-
gure IO), although at a somewhat lower level than in the control 
group. The initial level of performance seemed to be related to 
severity of injury, as expressed in duration of PTA, 
As only preliminary data processing has been carried out so far, 
one must be cautious in interpreting these results, At first sight, 
however, they certainly don ' t  support the hypothesis that poor task 
performance in head-injured patients is caused by a low level of 
tonic alertness, as it was brought forward by Gronwall and Sampson 
(1974). In addition, the lack of decrement in performance over 
time fails to support the hypothesis expressed by Conkey (1938) 
and Ruesch (1944) which states that patients are unable to sustain 
attention on a level required for normal performance, unless the 
authors meant this to be a label for a chronic condition or steady 
state, already present at the beginning of the task, The relevance 
of their statement for the present discussion is somewhat reduced 
by the fact that some of their pattients must have been in PTA 
at the time of testing, 
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Summary There is some evidence that phasic alertness may be 
non-optimal after head injury : in very severe patients a decreased 
magnitude of CNV was demonstrated, suggesting a deficit in prepa­
ration for action, Tonic alertness ha� been studied with continuous 
RT task and with a low-event-rate vigilance task; in both studies 
head injured patients performed uorse than controls, but their 
performance was remarkably stable over time. Thus, there is no 
evidence for an abnormal decline of tonic alertness. On the con­
trary, preliminary psychophysiological data from our own 
laboratory suggest that head injured patients show higher 
tonic levels of alertness than controls, at least in an experi­
mental situation. 
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HEAD INJURY AND MENTAL EFFORT THE COPING HYPOTHESIS 
Gronwall and Wrightson (1974) reported a close correspondance 
between slow decision making in the PASAT task and the occurence 
of post-traumatic vegetative and emotional complaints in patients 
returning to work. These complaints may be headache, dizziness , 
anxiety, chronic fatigue and irritability. This complex of symp­
toms is often called "the post-traumatic syndrome", in particular 
when it persists for months or years following head injury, The 
authors suggested that these symptoms were the result of a chronic 
compensatory effort to overcome the cognitive deficits present 
in the patients. 
The notion of effort to cope with task demands and its possible 
negative effects had been mentioned before. Goldstein (1952) 
explained "neurotic" symptoms after head injury as secondary to 
cognitive deficits. Hillbom (1960) stressed the point that relati­
vely mildly injured people may be more apt to become a victim of 
chronic compensatory effort. In more severe cases of head injury, 
pathology is readily visible for everyone, and there will be no 
social pressure to resume former responsabilities or to perform 
at the premorbid level. This line of reasoning seems to be suppor­
ted by the finding of Lishman (1978) of a relatively high incidence 
of emotional and vegetative complaints in patients with less se­
vere injuries. Description of these complaints in terms of "acci­
dent neurosis", a form of malingering with the aim of receiving 
financial compensation (Miller, 196 1 )  is completely unwarranted, 
as has been shown by Guthkelch (1980). 
To elaborate the coping hypothesis: the head injury patient has a 
decreased rate of information processing, and is very frequently 
hindered by a memory deficit (see Table ! ). This implies that 
he cannot always deal efficiently with the demands of daily life. 
He will try to compensate for his deficits by spending a greater 
effort. When this compensatory effort becomes chronic, it may result 
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in secondary symptoms as they are found in people who have been 
living under chronic stress for some time. Thus, the head injury 
patient may develop symptoms that are easily classified as "neurotic". 
Evaluation of the coping hypothesis meets obvious difficulties: 
it is not easy to operationalize concepts like effort and stress. 
We will therefore restrict ourselves to the effects of cognitive 
tasks on physiological measures of mental effort, It has been 
demonstrated in normal subjects that difficulty of mental tasks 
is reflected in a variety of physiological responses. Especially 
autonomic measures like pupil size (Kahneman, 1973), heart rate and 
heart rate variability are thought to be sensitive indices of mental 
effort (Brouwer and tlulder, 1977; Mulder, 1980). The coping hypo­
thesis would be supported if such indices show an increased mental 
effort in head injury patients performing cognitive tasks, 
in comparison with control patients, 
Martinius et al. (1977) studied mental effort by means of EEG 
arousal, in patients tested with a reaction time task of varying 
complexity. A monopolar occipital EEG was recorded from the right 
hemisphere, in two groups of head injured children differing in 
severity of injury and in a normal control group matched on age 
and sex. The least severely injured group consisted of children with 
a coma duration of less than four days, the severely injured group 
consisted of chidren with a coma duration of more than five days. 
On the average the time between injury and test was two years. In 
the RT test, both reaction times and errors were recorded. When 
compared with normals, the least severe group showed a signi­
ficantly stronger EEG-arousal although their performance was 
almost comparable, judged on RT and number of errors, On the 
other hand, in the severely injured group Martinius et al. found 
a significantly worse performance in combination with a normal 
EEG-arousal. Thus there was an apparent dissociation of severity 
of injury and EEG-arousal, and the findings in the less severely 
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injured group lend some support to the coping hypothesis. Unfor­
tunately, no data are given on the resting EEG, and thus it is 
pos sible that the higher EEG-arousal in the les s severe cases was 
already present before the testing actually began . In that case 
higher arousal during the RT task could not be easily interpreted as 
an effect of task performance. Moreover the index of mental effort 
used in this study is not a very usual one (Rohmert and Luczac, 1979) . 
In our laboratory we studied mental effort after head inj ury with 
more conventional means, viz. measures of heart rate variabili­
ty (HRV) and the mean heart beat interval (HBI). We tested a 
group of recently concussed males within two months after the end 
of their PTA, and compared their performance with that of a group 
of healthy males of the same age. We asses sed the base rate of 
the physiological indices before presenting a visual reaction 
time task. It turned out, that heart activity was not comparable 
in both groups: the patients ' hearts were beating significantly fas­
ter and were les s  variable than those of the controls (Mann-
Whitney U-tests, p <· OS).  If these results had occurred during the 
actual test, they might have been interpreted as evidence for 
greater mental effort. 
The task presented was a simple visual reaction task of intermediate 
S-R complexity (Fitts and Posner, 1968) .  The stimuli were presen­
ted at a fixed rate of 30 stimuli per minute. Execution of the 
task was started within 5 minutes after the resting registration. 
We found that patients were significantly slower on the task, 
both in their decision times and their movement times (t = 3 . 539 
and 4.303 respectively df = 21 ; p < .001) .  In the analyses of 
variance of HR and HRV there were significant main effects of rest 
versus task, and significant main effects of groups. However, 
there were no significant interactions of groups and tasks ( see 
Table 22) . Thus, the main findings of this study were the different 
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Table 22. Age, dura tion of PTA , heart rate and reaction times in two 
groups tes ted with a simple visual reaction task. 
VARIABLE CONTROL GROUP PATIENT GROUP 
Mean S. d. N tlean S. d. N 
Age (whole group) 25. 06 4. 02 1 7  24. 83 9. 09 1 2  
Age (subgroup HR) 25. 25 4. 37  1 2  24. 83  9.09 1 2  
PTA duration (days) 1 1 . 5  9. 08 1 2  
!tes ting Heart Beat Interval 
(I-IBI) in msec. 853 1 35. 68 1 2  72 1  1 27. 52 I 2 
Res ting I-IRV 
2 
(rnsec ) 6463 4 1 40 I I 2680 2 1 36 I I 
Task HBI 805 1 0 1 . 8 1  I 2 708 I 1 9. 55 I 2 
Task HRV 4855 2874 I I 1 483  1 253 1 1  
Median reaction time 384 1 7  632 I I 
Median decision time 249 27. 66 1 7  36 1 1 27. 98 I I 
Median movement time 1 35 26. 93 I 7 27 1 1 27. 20 1 1  
Summary of the Analysis of Variance: .,; = p ( . 05 X X p <: . 0 1 .  
Variables F (group) df F ( t asks) df F (groups x tasks ) df 
HBI 5 .  44 • I, 22 I 2. 33  • 
• 
1 , 22 4. 0 1  1 , 22 
I-IRV I I. 59 "
' I ,  20 5. 97 "' I , 20 < I  1 , 20 
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values of HR and HRV in patients and controls, irrespective of task 
demands. The coping hypothesis was not supported in a strict sense: 
heart activity of both patients and controls was influenced in 
a similar manner by the presentation of the task, Hm1ever, there 
was a significant difference in intercepts, as the patients ' hearts 
beat faster and more regularly -,. ). It could be, that this "effort 
reaction" shown by the patients was not specific to the task situa­
tion we created, It might as well be a manifestation of chronic 
effort to sustain the rather demanding neuropsychological testing 
situation. In this respect it is interesting that the data we 
collected in our vigilance experiment likewise showed a faster and 
more regular heart activity, while the background EEG was quite alert, 
This increased level of autonomic and EEG arousal in response to a 
testing situation may be an effect of head injury, and it is cer­
tainly reminiscent of some of the complaints that patients report. 
However, interpretation of these physiological effects in terms of 
head injury seems not yet fully justified, due to the nature of 
the control groups. For any normal control group a testing situa­
tion may have a quite different emotional significance than it has 
for patients. The former group consists of volunteers for whom the 
results of the test will have no consequences at all - while the 
latter group consists of patients who are aware of their deficits 
and who know that they "are put to the test". For this reason, we 
are now replicating the experiment using a patient control group 
consisting of mildly concussed males (PTA less than 2 hours) 
who are tested at a comparable interval after injury, 
Returning to the observed dissociation of severity and tonic ner­
vous reactivity (Martinius et al. 1977) it should be noted that 
• )  The possibility of a ceiling effect in the patients ' heart acti­
vity must be kept in mind as an alternative explanation for the 
absence of a specific task effect in the patients: it could be 
that their hearts were beating at a near-maximal rate, 
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such a dissociation is also suggested by the findings of Rigorea 
and Floria-Ciocoia (1979). These authors found increased autonomic 
and EEG reactivity in patients with so-called "post-traumatic neu­
rosis" but decreased reactivity in the so-called "post-traumatic 
dementia". At the level of manifest complaints the same disso­
ciation seems to be reflected in the aforementioned relatively high 
proportion of posttraumatic vegetative and emotional signs after 
relatively minor injuries. To quote Hilborn (1960, page 125): 
"Noteworthy are also the facts that these neuroses are not found 
in connection with the most severe, and especially not with 
personality deteriorating injuries, and that these injured had 
to make great efforts to keep up a certain level in life". 
Seidel et al. (1975) after studying children with cerebral damage 
reported that psychiatric disorder was four times more common in 
children with moderate physical disability than in those with severe 
disability. One might speculate that the clue to understanding 
this discontinuity is once again found in the subjective percep­
tion of abilities and demands. Only when a gap is perceived, and 
when it is thought to be bridgeable, a patient will try to cope with 
the situation. If too much compensatory effort is invested for too 
long a period, neurotic-like symptoms may appear. It is to be hoped 
that future research in this area may profit from new developments 
in stress research in which account is taken of cognitive pro­
cesses as mediators of stress and coping (Folkman et al. , 1979). 
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DISCUSSION 
Our major hypothesis is, that attentional deficits in head injured 
patients who are out of PTA are mainly the result of a slowing 
down in the execution of consciously controlled strategies. It is 
a hypothesis and not a conclusion, as our definition of controlled 
processing is rather loose when compared with the paradigm-spe­
ci fic definition given by Shiffrin and Schneider (1977). 
Although the chapter is concerned uith attentional deficits , it 
must be noted that some of these may be related to other defici ts 
found after head injury. The slowing down of information proces­
sing would predict in general that head injured patients will per­
form worse than normal on a variety of cognitive tasks in which 
time of processing is crucial. In our department this has been shown 
with timed intelligence tests as opposed to intelligence tests 
without a time limit (Deelman, 1977). The same explanation seems 
to hold for the difference between verbal and performance parts 
of the Wechsler in head injured patients, as demonstrated by 
Mandleberg (1975) . More specifically, a relation might be expected 
between speed of processing and the formation of memory traces. 
In discussing Divided Attention Deficits, we illustrated the con­
cept with the fate of someone who is asking the way to his desti­
nation in a town that he never visited before. Due to the limitation 
of his processing capacity he is unable to store all the information 
given to him, that is, he "forgets" the second half of the instruc­
tion. The slowing down of information processing after closed head 
injury thus implies, that patients cannot store information in 
memory with the efficiency they used to have before the injury. 
Numerous studies have indeed documented the memory probleMs of 
head injured patients (Brooks, 1972 ; Schacter and Crovitz, 1977 ; 
Newcombe, 1979; Deelman et al. 1980). 
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In particular the free recall of supra-span word lis ts has shown 
to be a sens i tive method (Newcombe , 1 9 7 7 ;  Deelman , 19 7 7 ,  1 9 80) . 
However , so far no res earch has been reported that aimed direct-
ly at  the influence of processing time on the formation of memo-
ry traces . In our department (Dee lman , 1 9 7 7 ,  1980)  we demons tra ted 
that  head inj ured patients show a deficit in subj ec tive organi­
zation when learning word l i s ts that are repeatedly presen ted 
to them (mul ti- trial free recal l task) . Normal control subj ects 
show an increase in subj ective organization in their succes s ive 
reproductions of the lis t ,  as expres sed in the Pair Frequency 
Index ( S ternberg and Tulving , 1 9 7 7 ) . That is , the words from the 
list  \li 1 1  be reproduced in pairs , and the number of these pairs 
increases wi th repeated pres entation of the lis t .  Such an increase is 
abs ent or far smaller in patients . A relation between subjective 
organization and process ing time is p lausib le , but has not ye t been 
demons tra ted experimentally . Of course it is not to be expectPd that 
in the end all  deficits af ter head inj ury can be explained from 
a s lowing down of information proces s ing . On the anecdo tical level ,  
thi s  is rendered unl ikely by  patients in whom we  recorded per­
fec tly normal choice reaction times in spite  of an obvious amnes­
tic defici t .  Neverthe less it is clear that this factor may play 
a dominant role , both in l aboratory experiments and in daily life .  
Attemps have been made to relate the  s lownes s of  control led pro­
cess ing in head inj ury patients to specific cerebral s truc tures . 
Gronwall and Sampson ( 19 74)  hypothesized that brain s tem dys­
functions play a role . Anatomical evidence for damage to the brain 
s tem in head inj ury is s carce , however , even in very severe cases 
(Adams et al . 1 9 7 7 ) , In fac t ,  Ommaya ( 19 7 9 )  holds that the mid-
brain is extremely we l l-protected again s t  the effects of a power-
ful impac t ,  This poin t of view seems to be confirmed by " in vivo" 
localization me thods , like the recording of bra_in s tem evoked poten­
tials and the regis tration of pos tural and ocular signs . These techni-
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ques have demonstrated that detectable primary brain stem dys­
function certainly isn ' t  the rule in acute closed head injuries 
(Plum and Posner, 1972; Uziel and Benezech, 1978). Eviden-
ce of its presence is usually related to a bad prognosis. 
On the other hand, it cannot be ruled out that "secondary" 
brain stem dysfunction has some relevance for the slowing 
down of controlled processing . Dysfunction could be the result 
of biochemical alterations (Minderhoud et al. , 1976) or, in a 
different theoretical framework, of disruption in higher order 
cortical and diencephalic control system that regulate brain 
stem functions (Luria, 1978; Ommaya, 1979). 
The suggestion of such a temporary brain stem dysfunction led 
Gronwall and Sampson (1974) to the hypothesis that reduced 
information processing capacity found in concussed patients who 
where out of PTA is caused by "lowered arousal". This reasoning 
is based on the presumed relationship between midbrain reticular 
formation activity and cortical alertness as described by Moruzzi 
and Magoun (1949). In our laboratory we have tested this hypo­
thesis of lowered arousal by means of a vigilance task (see sections 
on Alertness and Coping Hypothesis in the present text). Both EEG 
recordings and heart activity quite unequivocally pointed into the 
direction of increased, rather than decreased levels of alertness 
in our patients during testing. Therefore, it is rendered unlikely 
that decreased performance of head injured patients on neuropsycho­
logical tests can be explained from "lowered arousal", as even a 
task sp�cifically designed to elicit it did provoke neither drow­
siness, nor performance decrements over time. 
Of course, these results do not prove that brain stem dysfunction as 
a cause of slowness is absent. If Luria (1979) and Ommaya (1979) are 
right, there remains the possibility of disruption in cortical-subcor­
tical and particularly, of cortical-diencephalic connections . If this 
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is the case, it is not obvious that the background state of 
alertness be influenced, Ommaya holds that the cortical fronto­
temporal zones are critically vulnerable in closed head injury. 
Therefore, especially reticular formation functions which are 
dependent on these connections might be selectively impaired, 
Hence, it might rather be the phasic, task-related fluctuations 
of alertness which are involved. Such phasic changes of alertness 
can be measured by means of event related EEG potentials like the 
late, non-specific CNV, and the components known as the P-300 
and N-100 (Donchin, 1978; Hillyard and Picton, 1979), The first 
two potentials are thought to be generated by midbrain reticular 
formation structures under the control of prefrontal areas 
(Desmedt and Debecker, 1979). The N- 100 component is modality­
specific and may involve the more specific thalamic reticular 
system, which is also thought to be controlled from a prefrontal 
centre. The study by Rizzo et al. can be seen as the first step in 
this psychophysiological approach of deficits after head injury. 
Their data were in line with the hypothesis of disturbed phasic 
alertness, although their experimental paradigm did not allow 
to assess which CNV component was involved in particular. 
Still, the data presented by Rizzo and co-authors can also be inter­
preted in a slightly different theoretical framework, based on a 
paper by Hicks and Birren (1970). These authors reviewed the 
evidence on psychomotor slowing due to brain damage in general, 
and to aging, They concluded, that behavioral, neuroanatomical 
and neurophysiological evidence indicated that the basal ganglia 
with their complex neural connections are importantly involved in 
the speed of initiating and executing movements, Although they ad­
mitted that most· of the evidence in their review was indirect, 
the authors expressed the belief that damage to or dysfunction 
of the basal ganglia may be a basis for the p&ychomotor slowing 
observed in both human and animal subjects. 
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Howes and Boller ( 19 7 5) s tudied s imp le audi tory RT in 20 pa tients 
having les ions in th eir right hemispheres , neop lasm being the mos t  
frequent diagnos is . Maps o f  the brain scans from pa tients wi th the 
highes t reaction t imes (of ten exceeding 1 000 msec) sugges ted that 
s truc tures in or near the basal ganglia  were involved , However ,  thi s  
relation was n o t  found in a group o f  29 patients wi th left  hemis­
phere les ions who were s tudied with the same methods . Graham e t  al , 
( 19 78)  have demons trated that  ischaemic damage to the bas al ganglia  
very frequently occurs in cases  o f  fatal  head inj uries : in a series 
of 1 38 pa tients such damage was found at autopsy in 1 1 9 cases ( 79% ) . 
Hence it is probable th a t  analogue but less extens ive damage is pre­
sent in a large proportion of those who survive a severe head inj ury . 
S till , in view of the evidence for a s lowing down of control led pro­
ces s ing pres ented befor e ,  i t  is improb ab le tha t  basal ganglia  dys­
function is the on ly factor in closed head inj ury .  However , as a 
se condary factor i t  cannot be ruled out ,  certainly not in tasks wh i ch 
are highly demanding in te rms of fas t mo tor program selec tion and 
mo tor execut ion . 
A neuropsychological text can hardly review anatomical candidates 
reponsib l e  for s lowing down wi thout mentioning the cerebral  
�- Unfortunately , the  experiments  reviewed above had li ttle  
to say  about specific  localization of cortical dys functions . There­
fore , they tended to pick up global  effects of closed head inj ury 
only . The avai lable evidence on dis crete localization of brain dama­
ge by head inj ury is l imi ted , Unzel l  e t  a l .  ( 1980)  showed that only 
in a minori ty of cases a dis crete lesion could be found by means 
of CT-s cans , In many cases , however , a crude loca lization in 
terms of the hemisphere mos t  affec ted was pos s ib le . The authors 
demons trated that the pattern of per formance on WAIS sub tes ts 
was usually in accordance wi th a preponderance of damage in ei ther 
the le f t  or right hemisphere ,  If  the specifici ty of s uch localiza­
tory evidence could be improved in the future , i t  might be worth 
the whi le to design a bat tery of process-oriented tasks (e . g .  
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reaction time, event-related potentials )  tapping specific aspects 
of information proces sing that are assumed to be related to dis­
tinct cortical areas, Small changes in proces sing time could well 
be sensitive indicators of subtle cortical dys function (e. g .  Mos­
cowich , 19 79 ) .  
Luria ( 1969 ) argues that any brain les ion will des troy a certain 
amount of nerve cells , while other cells are pres erved in a state 
of physiological inactivity. He supposes that this "functional 
asynapsia" is due to decreased levels of acetylcholi.ne: any patho­
logical proces s (head injury, hemorrhage) increases the cholin­
esterase concentration in the perifocal zone of the lesion. This 
results in a disturbance of synaptic conductions between cells, 
in addition to the los s  of cells that were destroyed by the lesion , 
Luria demonstrated that the administration of neostigmine , an anti­
cholinesterase drug, indeed had a positive effect on pareses and 
pa ralyses. In view of Ommays ' s  theory on the mechanism of head in­
jury ( see section 2.1) traumatic lesions will occur in particular 
in the most  peripheral parts of the brain , that is , in the cerebra l 
cortex . If so, a head injury might put p art of the cortex in a state 
of functional asynapsia having implications for the processing 
of information. 
In section S. I 11e reported, that in our own material a Spearman 
correlation of .SO ( P <  .OS) was found between duration of diffuse 
dis turbances in the EEG of head injured patients and their choice 
RT at five months after injury (Van Zomeren and Deelman, 1978) , 
As these diffuse disturbances consisted of. slow, non-synchroni zed 
activity they must be seen as a sign of functional disturbances 
on a corti cal level, Thus, they might indicate a connection be­
tween cortical function and speed of information proces sing . 
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SUMMARY 
This chapter attempted to describe attentional deficits in head­
injured patients beyond the acute stage characterized by PTA, 
in a terminology derived from current theories of attention, The 
literature was reviewed under the headings of selectivity, speed 
of information processing, and alertness or receptivity to sti­
mulation, In addition, a coping hypothesis was elaborated that 
explains "neurotic" symptoms as a result of chronic compensatory 
effort. 
Concerning selectivity, there is no evidence yet that closed head 
injury may result in deficits of focused attention. However, the 
matter is not yet completely settled : not all grades of severity 
have been tested, and the distinction between relevant and ir­
relevant stimuli was too obvious in most studies , More subtle 
forms of distraction might reveal a deficit in selectivity, in 
particular in more severe cases . 
There is convincing evidence that a slowing down of information 
processing occurs, even after minor head injuries. The slowing down 
is found in particular in the domain of conscious processing, 
that is, in the stages of mental transformations, decision making 
and response selection. In terms of choice reaction tasks the 
variables of stimulus-response compatibility and number of sti­
mulus alternatives are most suited to demonstrate deficits after 
head injury. In addition , there is some evidence that more peri­
pheral stages in the chain of events between stimulus and response 
may be prolonged as well  (perception, movement). The latter phe­
nomena will  have to be studied in more detail before any conclu­
sive statements can be made, 
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There is scarce evidence on deficits of alertness. Only one 
study on phasic alertness has been published, reporting a de­
creased amplitude of the Contingent Negative Variation in the EEG. 
This phenomenon may be interpreted as a sign of non-optimal prepa­
ration to a stimulus that is to be expected immediately, Studies 
of tonic alertness during sustained attention have begun only 
recently. The preliminary findings in both vigilance and reaction 
time tasks point in the direction of higher levels of arousal in 
patients than in controls, at the time of testing,  Therefore a 
straightforward explanation of decreased performance as a result 
of lowered arousal levels (the under-arousal hypothesis) seems 
untenable, 
We have tried to relate cognitive deficits to the genesis of 
post-traumatic "neurotic" symptoms, It was hypothesized, that 
patients with mild and moderate severe injuries will try to meet 
the demands of daily life and work by spending more effort in 
mental tasks. This coping hypothesis predicts stronger physiolo­
gical signs of mental effort in patients than in controls , on 
specific tasks. Although this was found in two experiments, inter­
pretation of these effects in terms of task load is not yet 
warranted, either because significant differences were already 
present during rest, or because resting values were lacking in 
the study, Still, considering the sometime·s reported dissociation 
of severity of injury and "neurotic" symptoms in patients with 
very severe injuries, a two-factor theory for explaining such 
symptoms in less severe cases seems most likely. Assuming an 
interaction between neurological and psychological factors might 
be the best approach of the complicated problems presented by 
patients with head injuries, and might have practical consequences 
for rehabilitation, for the finding of suitable jobs for recon­
valescents, and for medico-legal assessments. 
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The chapter closes with a review of cereb ral s tructures tha t 
could play a ro le in the slowing down o f  informa tion process ing . 
The evidence is incomplete for all candidates , and does no t allow 
for any conclus ions . This  s tate of affairs s eems the result  of two 
factors . Firs t ,  damage to the b rain by inj ury was difficu l t  to 
locali z e ,  excep t in cases of  fatal inj ury coming to autopsy . Only 
recently studies us ing computeri zed tomography have shed so!'le ligh t  
on th i s  prob lem. S econd , very few inves t igations of  head inj ured 
patients have paid at tention to relations between the locus o f  
les ions and behaviora l  deficits , obvious ly because of  the lack 
of reliab le localizing methods in the pas t .  
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6.2 EFFECTS OF DISTRACTION ON CHOICE RT 
In paragraph 6.1 we briefly described an experiment in which head­
injured patients and control subjects performed on a visual 4-choice 
reaction under two conditions: with and without distraction by 
irrelevant stimuli. Details of this experiment will now be presented. 
Twenty patients having sustained a cerebral concussion were tes-
ted, none of them using drugs that could have a negative effect 
on reaction time. The severity of their injuries ranged from 
mild to very severe in Russell ' s  scale , with a median duration of 
PTA of 2 1  days. They were tested between 3 and 12 months after 
injury. As a control group we used 20 subjects from the working 
population, matched on sex and age with the patients. Mean 
age in both groups was 25. J years, most of the subjects being 
young males. The basic task in this experiment was a 4-choice 
reaction with a very high stimulus-response compatibility. That 
is, the stimuli ,�ere lights in push-buttons, and subjects were 
instructed to switch off each stimulus as quickly as possible 
by pressing the button. \fuile waiting for a stimulus to appear, 
they kept the index finger of their preferred hand on a central 
button, situated in the centre of a semi-circular array of 
stimulus lights (see Figure J I ) .  In fact, eight lamps were visible, 
but subjects were informed that only four of them would be presen­
ted, in a random order. The inter-stimulus interval was varied 
randomly from 4 to 7 seconds. 
After presenting the basic task, the procedure was repeated with 
one essential addition only : in most cases a stimulus was now 
accompanied by an extra light from the remaining set of four 
lights. Subjects were instructed to ignore these extra stimuli, 
and to proceed simply as they did in the basic task. Thus, both 




BASIC TAS K R - 4  DISTRACT ION TASK 
Figure I I. Apparatus used for testing RT, with and without distraction b y  irrelevant stimuli. The 
drawings show one item from the basic task and one from the distraction task. The central button 
registers the time that elapses until l  the subject starts moving. Although irrelevant stimuli 
are shaded in this figure, all  lights were identical on the real panel , and the distinction was 
made by verbal instruction only. 
light had to be switched off by pressing the appropriate button, 
The central button enabled us to register decision time and move­
ment time separately, movement time being the interval from re­
leasing the central button untill the switching off of the 
stimulus. 
In both tasks, the head injured patients showed significantly 
longer decision times than the controls (Table 23) while in 
both groups the percentage of errors was negligeable, Distrac­
tion had a strong effect on decision time even in normals, 
but the head injured patients were disproportionately hindered 
by this irrelevant stimulation. In the analysis of variance a 
significant interaction between groups and tasks was found, in­
dicating a stronger distraction effect in the patient group; 
see Table (24). 
Table 23,  Decision time (DT) and movement time (MT) in milli­
seconds in experimental and control group under two 
conditions. Main effect of groups and tasks on DT 
were both significant at p <.00 I, while the interac­
tion between groups and tasks was likewise significant 
at this level, On MT the main effect of groups was 
significant (p < .00 1) only. 
BASIC TASK DISTRACTION TASK 











Difference 75 50 161 63 
1 2 1  
Table 24. Analysis of variance on DT, with groups and tasks 
as main factors, xx = p < .001. 
Source df  MS F 
Between subj ects 39 
A (Groups) 277536 49.55 
Ss within groups 38 560 1 
Within subjects 40 
B (Tasks) 487656 247 . 57 
A X B 36380 18 . 47 
B x Ss within groups 38 1969 
Movement time was significantly prolonged too in the head inj ured 




not interact with tasks: patients and controls do not move slower 
in the distraction task than in the basic task. This suggests that 
all subjects "look before they leap", i.e. it seems that subj ects 
start moving only after making their decision where to go . 
The outcome of this experiment seems clear: distraction by 
irrelevant stimulation had a much stronger effect on head inj u­
red patients than on normals, as judged by their decision times. 
Still, the theoretical interpretation of these data is not simple. 
It is very likely, that the delay in both groups under distrac­
tion is a result of response interference: when two lights are 
presented that are identical except for their position in space, 
the subj ect tends to react to both of them, due to his trai-
ning in the basic task. Thus he experiences response conflict, 
and he is forced to make a choice between the alternatives. 
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This interpre tation of the dis traction effect  is suppor ted by 
the results of an experiment wi th medi cal s tudents serving as 
sub j ec ts ; this experiment is  des cribed in more detail  in 
paragraph 6 , 3 .  
Thus , the poorer performance of the head injured patients under 
dis traction can be explained as a relative inab i l i ty to deal 
wi th response interference . As noted earlie r ,  the control group 
was likewise unab le to ignore the irre levant dis trac tion, 
as can be deduced from thei r  signi ficantly longer decis ion 
times in the second t ask . As the number of errors was very sma l l  
in control and patient group alike , there is  n o  evidence for 
qualitative di fferences in performance . Correlations between deci­
sion t imes in bas i c  task and under dis trac tion seem to point 
in the same direction:  for the control group , this correlation 
was . 6 36 and for the head inj ury group . 586 (Pearson r ,  p < . O J  
in both cases ) .  I t  seems than that for both groups performance 
on the se cond task can be predicted to the same degree from 
their  performance on the first  task . Thus the dis trac tion ob­
viously introduces no specific  a t tention prob lem for the pa­
tients , and explanation of the differential effec t of dis trac­
tion in terms of a quanti tative change in speed remains mos t  
pars imonious . Thi s imp l ies that the experiment has told us 
l i ttle about the selectivi ty in the behavior of the patients . 
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6 .  3 RESPONSE INTERFERENCE IN NORHALS 
In the preceding paragraph an experiment was mentioned that  inves t i­
gated the nature of the dis traction effec t ,  using medical s tudent s  
a s  subj ects . This experiment wi ll  now be des cribed i n  more detai l .  
The dis traction effect o f  irrelevant s timuli presented simultaneous ly 
wi th the relevant ones was interpreted a prima vista  as an effect  of  
response interference . In  the  basic four-choice t ask subj ects had been 
trained to swi tch off  as quickly as pos s ib le any out of four push­
buttons as soon as it was lighted . In the dis traction t as k ,  the s ame 
responses were required , to the same set  of four pos i t ive s ti�uli . 
Besides , a negative s t imulus \las presented s imultaneous ly wi th the 
pos i tive one , and subj ects were ins tructed to ignore this distractor.  
Al though the subj ect  had never before responded to these  negative 
s t imul i ,  i t  is possible that  the simultaneous appearance of ttrn l igh ts 
evoked two conflicting response tendencies , b ecause of the high s ti­
mulus-re sponse compatib i l i ty in this parti cul ar set-up . If  so, the 
dis traction effect might be localized in the s tages of response selec­
tion and response execution .  We decided to tes t this hypo thes is  by 
us ing the addi t ive factor method as des cribed by S ternberg ( 1969 ) : 
this me thod is b ased on the manipulation of task vari ab les that are 
known to  influence specific  s t ages in the proces s ing of information. 
I t  has been demons trated that the s tage of response selection can be 
influenced by manipul ating t ime uncer tainty in the subj e c t :  when time 
uncerta.inty is reduced , RT will  be reduced by a faci litation of res­
ponse selection (Theios , 1 9 7 5 ;  Sanders , 1 9 7 7 ) . It was decided than to 
analyse the effect of  t ime uncer tainty in the dis traction t ask - if 
distraction is indeed active by response interference , a reduction of  
t ime uncertainty by means of  a warning signal preceding each s t imulus 
should influence the dis trac tion ef fee t .  In s ta tis ti cal terms : when 
dis traction has i t s  effect in the s tage of response se lec tion ,  an 
interaction mus t  be excepted be tween t ime uncertainty and dis t raction .  
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Twelve medical students with a mean age of 25.7 years, half of them 
being females, participated in the experiment. They were tested 
with the apparatus described in paragraph 6.1, using the basic task 
and the distraction task. Each subject was tested on two successive 
days, once in the usual way and once under reduced time uncertainty, 
that is, with a warning signal preceding the stimulus. This war­
ning signal (WS) was a 2000 Hz tone of 60 dB starting one second 
before stimulus onset and lasting 400 msec. Half of the Ss performed 
the test without WS on the first day, and with \JS on the second day , 
while the remaining six Ss took the test with WS on the first day. 
The results of this experiment are presented in Table 25. 
Table 25. Effect of reduced time uncertainty on DT and MT in a group 
of 12 normal subjects. WS = warning signal, R-4 = basic 

















It will be clear from the table, that distraction had a marked effect 
on decision time (DT) , and this confirms the findings of the experi­
ment in paragraph 6. 1 • In a four-way analysis of variance (order x 
sex x distraction x time uncertainty) the F-ratio for the distraction 
effect on DT was 70.92 ( df I ,  8 ;  p ( .000 1) . On the other hand, 
distraction did not affect movement time (MT) , showing an F-ratio of 
3.45. The reduction of time uncertainty by the WS likewise had a 
significant effect on DT (F-ratio 12. 10, df 1, 8 ;  p < · 01) , and no 
significant effect on MT (F-ratio 3 . 75) . More _important for the 
interference hypothesis is the interaction between tasks and time 
uncertainty: it can be seen in the table that the WS reduced DT in 
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the bas i c  task wi th 1 2  ms ec ,  while  i t  reduced DT in the dis traction 
task wi th 34 ms e c .  This differential effect appears in the analysis 
of  variance as a s igni ficant interaction between tasks and t ime 
uncertainty , wi th an F-ratio of 5 . 59 (df 1 , 8 ;  p < . OS) . 
This  experiment thus demons trated,  that che effect of dis trac tion 
mus t be localized at leas t partly in the s tage of response selection .  
A t  the same time , the ab sence o f  a dis traction effect i n  NT sugges ts 
that  dis traction did not influence respons e execution in this task.  
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6.4 CONCLUSIONS 
The main conclusion of this chapter must be, that attentional deficits 
after head injury are largely the result of a slowing down of infor­
mation processing. That is to say, at tention is affected particularly 
in the second sense of the term "a ttention": the ability to deal 
quickly and efficiently with information from the outside world 
and from the inside world (memory). Hence, the head injured patient 
will experience more Divided At tention Deficits than non-injured 
people. He will be confrontated with his limited capacities in si tua­
tions demanding the combination of various cognitive activities. The 
student taking lecture notes must divide his processing capacities 
over at least three aspects:  listening, reformulating or summarizing, 
and writing. Such a situation, presenting both extrinsic and intrin­
sic time pressure, will be much more fatiguing for people who are 
recovering from a head injury than for healthy subjects. 
The experiment on the effect of distraction after head injury did 
not supply the information we were looking for: although it was aimed 
at at tention in the sense of selectivity, the results merely in­
dicated once more trat  head injured patients need more time to over­
come a complication in a cognitive task. Still, the experimen t brought 
some additional information on movement time after head injury. 
The goal-directed movements required in the experiment were carried 
out significantly slower by the head-injured patients than by the 
controls, despite the absence of clinically manifest motor deficits. 
A trend towards such a difference between groups had already been 
noted in chapter 4. 2 , and was now demonstrated in a new sample 
of 20 patients. Finally, the finding was cross-validated in the heart 
rate experiment ·described in the section on the Coping Hypothesis 
in chapter 6. I • 
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7 ,  DISCUSSION 
In the Introduction to this dissertation we stated that neuropsycho­
logy should contribute to the study of head injury in three ways: 
by objectifying with quantitative methods the mental deficits, by 
a theoretical analysis of these deficits, and by charting the time 
course of recovery. Appl ying these demands to the series of experi­
ments described in this volume than seems a logical procedure. 
An attempt was made to objectify the slowness of thought that had 
been noticed long before by clinical observers. We were by far not 
the first to do so: already a row of psychologists can be listed 
who have tried to measure the slowing down of mental processes 
after head injury. The present study merely differs from previous 
ones by investigating the phenomenon in a broader range of 
severity of injury (from mild to severe), and by testing RT in a varie­
ty of conditions at fixed intervals after injury. In addition, we took 
some precautions to study a "pure" slowing down, for example , by balan­
cing the design of all experiments in such a way that effects of prac­
tice and fatigue were minimalized . In a similar vein, we excluded 
from our experiments patients who were using any kind of medication 
that could influence CNS function. This point seems to have had 
little attention in most earlier investigations. llegative effects of 
a. o . ,  diazepam on psychomotor performance have been reported (Klein­
knecht and Donaldson, 197S) .  Unfortunately , the available literature 
does not give a clear answer as to what effects may be expected in 
head injured patients getting relatively low dosages of tranquilizers 
or anti-epileptic drugs: most studies have dealt with psychiatric 
patients, or with healthy volunteers who took a single large dose of 
a drug they had never used before. Therefore, we decided to study the 
effect of medication in our own population of patients . Although 
patients using drugs were excluded from all experiments on information 
processing, many of them were nevertheless tested neuropsychologi­
cally for clinical reasons. Thus , we compared I O  subj ects without 
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medication with 10 subjects using diazepam or anti-epileptic drugs. 
All were males; groups were matched on age and severity of injury , 
and their RT was tested between 6 and 12 months after inj ury. An ana­
lysis of variance revealed no difference between groups in RT 
(F-ratio 1.57, df 1. 18), and not even a trend was visible in the 
data . 
Regarding RT as a method for assessment, it may be stated that an 
RT-task is a useful clinical tool. The test is neither embarrassing 
nor incomprehensible to the patient, as some other psychological tests 
are. Further, the test has a satisfactory tes t-retest reliability, and 
it does not take much time. Finally, when collecting normative data 
on 120 adults we found no relation at all (Pearson r -0. 09) between 
4-choice RT and educational level (Sikkens et al., 1979). This suggests 
that RT does not correlate with intelligence, which would be another 
advantage of the method for use in assessment . 
Facing the second demand, our results must  be phrased in modest 
terms. We have indeed tried to analyse the deficits in reaction time 
and information processing, but the further we pressed into the area 
the more question marks we encountered. Our major finding was that 
slowing down of information proces sing occurs after head injury, 
and that this is not the case in those patients only who could 
be classified as hradyphrenic at first sight. The slownes s is related 
to the severity of inj ury as expressed in the duration of coma. The 
slowing down fits in a recently developed theory of focused 
and divided attention (Shiffrin and Schneider, 1977) and is explained 
as a result of a decreased rate of consciously controlled processes 
like decision making and response selection. However, the total chain 
of events between stimulus and response has not yet been studied 
adequately. It is as yet unknown, whether basic perceptual proces ses 
like the formation of "Gestalts", the perception of symmetry and 
movement etc, occur at a normal speed in head injured patients. In 
subjects with an intact brain these basic pre-attentive processes 
clearly lie in the domain of automatic processing, but there is 
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no reason to assume that this makes them injury-proof . The tachisto­
scopic experiments by Ruesch ( 1944) and Dencker and Lofving (1958) 
should be kept in mind. Moreover, theoretically one might ask the ques­
tion whether head injury causes a regression from automatic to control­
led processing: such a shift from automatic to consciously controlled 
processes would demand more time and effort , according to the Shiffrin 
and Schneider model . Thus it would explain part of the empirical data 
and part of the complaints reported by patients. 
In our own laboratory we found evidence for a slowing down of goal­
directed movements, or final output processes . This brings us to an 
important question mark : what is the relation between the slowing down 
of information processing and the slowing down of goal-directed move­
ments? Or stated more plainly : what is the relation between thinking 
slowly and moving slowly . In our non-injured subjects who were 
tested with the experiment described in section 6.2 we found no 
significant correlation between decision time and movement time. 
Pearson coefficients were -.229 in the basic task and - . 1 10 under 
distraction, and this su1:;gests that the two components of total 
KT indeed reflect different processes. On the other hand, in 
the head injured group in the same experiment the correlations 
were .7 1 6  and .506 resp. The most parsimonious explanation of 
this significant relation would be, that the injury had affected 
both decision and movement components . However, as an alternative 
hypothesis it could be stated that patients move slower because 
of the slowing down of their information processing. The point 
is, that movements usually supply us with new information. An ob­
vious example would be the scanning eye movements in visual percep­
tion, but to a lesser extent movements of the limbs or body will 
supply information as \Jell. Thus, a slowing down of goal-directed 
movements could be seen as a method of reducing the total amount of 
information that has to be processed by the subject within a certain 
time. The conclusion must be, that both perceptual processes and motor 
functions should be studied in more detail before the slowing down 
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in the behavior of head-injured patients can be explained completely. 
As we stated in section 6. 1, the use of psychophysiological techniques 
like event-related potentials in the EEG might answer some of these 
basic questions, For the time being it is concluded that head injury 
results in a slowing down of consciously controlled processes , a slo­
wing down that can not be explained as caused by a state of under­
arousal. 
Charting the time course of recovery was the third aim that we 
pointed out for neuropsychology. We have realized this for total 
visual RT, as described in section 5. 1 .  It was found that choice RT 
discriminated between grades of severity of injury, even two years 
after the accident. On the other hand, simple RT seemed to reflect 
some remaining pathology even in a mildly injured subgroup. In fact, 
the whole enterprise should be repeated now using the new equipment 
that allows for a splitting up of RT in decision time and movement 
time. However, longitudinal studies on a scale as reported above 
are very demanding in terms of time and effort, and this may seduce 
the investigator to concentrate on questions that can be answered 
by testing, say, 12 consecutively admitted patients in some weeks 
or months . The problem of time-consuming longitudinal research be­
comes even greater by our observation that recovery seems to continue 
beyond the two-year interval chosen for our follow-up, in the most 
severely injured patients. The work of Thomsen (1974) likewise 
indicated that recovery processes may last many years. On the other 
hand, it could be argued that patients should be tested in much 
earlier stages. For practical reasons, we never tested RT in patients 
who were still in PTA. However, it has been demonstrated that such 
testing is feasible (Artiola i Fortuny et al., 1980) and it could 
be worthwhile to study attention during PTA, in particular since 
current views (Schacter and Crovits, 1977) tend to discern an atten­
tional component in this particular amnesia. 
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This dissertation is a psychological one, and therefore it dis­
cussed deficits on a behavioral level mainly. Still, the question 
of brain behavior relationships is a fascinating one: what is 
the relation between mechanisms and pathophysiology of head injury 
as described in section 2. 1 and the behavioral deficits? If we assume 
that decision making and response selection find their substrate 
in the cerebral cortex, why are these processes slowed down after 
head injury? In section 4. 1 the question was raised of an analogy 
between the effects of aging and the effects of head injury: both 
could produce a diffuse loss of neurons, as it was pointed out 
by Miller ( 1970). Such a loss of neurons must have a negative effect 
on the signal-to-noise ratio in the cortex, as less cells are avai­
lable for carrying signals. When the brain becomes in this sense 
more "noisy", processing time must increase, as a longer period of 
sampling is required before a signal can be recognized as such (Welford, 
1962). In terms of the Signal Detection Theory head injury would 
reduce d '  or the capacity of the system. In addition, there might be 
a change in the criterion (3 or an increased cautiousness in accepting 
signals. This approach has been elaborated for memory after head in­
jury (Brooks, 1974; Richardson, 1979; Engels et al., 1979) using a 
face recognition task. In all studies a decrease in capacity d '  was 
found, but the increased cautiousness observed by Brooks was not 
confirmed in the later investigations. Anyway, the Signal Detection 
Theory could be worthwhile as a formal model in studying RT to 
signals when no memory components are involved. 
The notion of a slowing down through a diffuse loss of neurons has a 
certain appeal, considering the correlation we have found between RT 
and severity of injury as indicated by duration of PTA. Nevertheless, 
this theorizing meets some difficulties. First, we should not return 
to obsolete ideas about mass effects of cerebral lesions: the concept 
of general equipotentiality has been discarded on the basis of a mass 
of evidence against it. Still, it is possible that a mass effect plays 
a role for certain dimensions of behavior - for example, its speed 
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(De Renzi and Faglioni, 1965). A second problem for the "neural noise 
approach" would be the quantification of neuronal losses. There is no 
method available for counting or even estimating the number or propor­
tion of nerve cells destroyed by a head injury , while in addition a 
proportion of cells may be out of order in the sense of a functional 
asynapsia as described by Luria ( 1969). The recovery effects found in 
our own material indicate that the slowing down is not caused solely 
by an irreversible loss of cells. It will be clear that the neural 
noise approach requires a lot of thinking before it even deserves the 
name of a theory. 
An important criterion for any psychological investigation is 
its ecological validity (Brunswik, 1956 ; Baddeley, 1976). 
That is, the question being studied should have some rele-
vance outside the laboratory too. Hence we must ask whether studying 
information processing is worthwhile in a wider context. We think 
it is. The slowing down observed in head injury patients has direct 
consequences for their daily life: it determines at least partly 
what may be demanded from them, whether they can return to their jobs, 
or take up their former hobbies. The point can be illustrated with 
a question that is very frequently asked in our work with head-injured 
patients, either by a patient himself or by his neurologist or rehabi­
litation centre: is it justified to let the patient participate in 
traffic again, particularly as a car-driver? It will be clear that 
traffic situations demanding a fast response are far more complicated 
than a visual four-choice task under distraction in our laboratory. 
Driving proficiency supposes the abilities to perceive visual stimuli 
under often unfavorable conditions, to estimate distance and the speed 
of moving objects, to decide quickly and to act efficiently in risky 
situations. We attempt to answer the question of driving proficiency 
with the modest means at our disposal (RT-tasks, tachistoscopic per­
ception, tests of motor functions of the hands, an estimate of per­
sonality changes), although the relations between the deficits we 
register and actual driving behavior are as yet unclear, The rationale 
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for doing so is, that others will have to decide on the question 
without our help if we do not answer their question to the best of 
our knowledge. It seems plausible anyway that a patient showing 
long reaction times in the laboratory will have difficulty in acting 
adequately in far more complicated situations outside. 
The ecological validity of studying subtle deficits after head injury 
could likewise be illustrated with the problem of medico-legal procedures, 
As Miller recently pointed out in a thorough review of the matter 
( 1980) conventional psychological means often fail to produce evidence 
in an area that is haunted by terms like "accident neurosis" and 
"malingering" . For example, a head inj ury victim might be suspected 
of malingering when he is complaining about his mental functions while 
the Wechsler Adult Intelligence Scale or some test of "organicity" 
indicates that his performance lies in the normal range. With more 
adequate means, like specially devised memory tests and RT tasks , 
deficits can often be assessed that will tip the scales in j ustified 
favor of the plaintiff . 
Finally, studies on attentional deficits have some relevance 
for the practice of rehabilitation. The rehabilitation of an 
individual patient is in fact a prolonged learning process, in 
which various kinds of information have to be processed: verbal 
instructions, visual perception of the own body and limbs (either 
directly or in mirror-image) and proprioceptive stimulation from 
muscles , j oints and the vestibular organ. A Divided Attention Deficit 
must inevitably occur when verbal instructions are given at a moment 
when a hemiparetic patient spends all his processing capacity in 
laboriously walking without the aid of a stick for the first time. 
Of course any sensible trainer will recognize this problem without 
theories of attention, but it nevertheless seems worthwhile to ana­
lyse the rehabilitation schedule in terms of a reduced information 
processing capacity. Needless to say that such an approach should 
reckon with another important obstacle of learning in the 
head-injured: the very frequent memory deficit. 
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In section 2. 2 Critchley was cited, who stated that the opinion 
on the post-traumatic syndrome was once again swinging in the direc­
tion of a concept of underlying organic change (1969). The review 
by Newcombe (1979) clearly illustrates that psychological studies, 
along with neurological, neurosurgical and psychiatric ones, have 
contributed to the growing mass of evidence favoring such an orga-
nic view . Our studies have focused on a central symptom of the syndrome, 
the slowing down of mental processes. It is hoped that the experi-
ments described in this booklet will contribute to the understanding 
of the head injury syndrome in one way or another. 
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8 .  SUMMARY 
This dissertation is based on a series of experiments carried out on 
head injured patients who had been admitted to the Department of 
Neurology in the Groningen University Hospital, between 1972 and 1980. 
It opens with a statement about the role neuropsychology should play 
in the study of head injury, and then briefly describes the development 
in our research on the topic. Starting with recording visual reaction 
time in the early months after injury, a longitudinal follow-up study 
covering two years for each patient resulted from these exploratory 
investigations. Eventually the scope of our interest broadened towards 
a theoretical overview of attentional deficits, a subject that is 
closely connected to reaction time by the concept "speed of informa­
tion processing". 
In chapter 2 the mechanisms and pathophysiology of head injury are 
reviewed. It seems that primary damage caused at the moment of impact 
is to a large extent accounted for by current theories, in particular 
the skull distortion/ head rotation hypothesis as it was eleborated 
by Ommaya and coworkers. The same does not hold for secondary damage 
to the brain by factors like a disturbance in the autoregulation of 
the cerebral blood flow, hypoxia, petechial hemorrhages and edema. 
However, research on these topics has intensified over the past de­
cade and sound theories are bound to appear . The second half of the 
chapter deals with the post-traumatic syndrome, a loose collection 
of symptoms and complaints that in the past has given rise to heated 
debates about its etiology. A few studies dealing with people clai­
ming financial compensation after head injury have dominated the 
thinking about the syndrome for many years, in spite of the poor 
methodology of these investigations. The complaints have been ex­
plained too often as being signs of an "accident neurosis" or even 
"malingering". Evidence from various disciplines has made clear 
that subtle deficits could be objectified in these patients, indica­
ting that a great deal of the complaining after head injury must 
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have an organic base in stead of being psychogenic. Fortunately, this 
development begins to pay off in clinical practice, where complaints 
are less frequently answered with scepticism and more frequently with 
information about the injury and reassurance about the course and 
result of the recovery process. 
Chapter 3 presents a review of literature on reaction time in head 
injured patients. Ruesch (1944) was the first investigator who used 
the method on neurological patients with cerebral concussion as the 
only etiology. The majority of studies used reaction times to visual 
stimuli, and in general choice reaction times (that is, more than one 
stimulus alternative and response alternative) seemed to discriminate 
best between patient groups and control groups. In this review, seve­
rity of injury is considered systematically with the use of Russell ' s  
classification (see Appendix I). 
Chapter 4 describes a pilot study carried out on 20 head-inj ured 
patients who were compared with a control group matched on age and 
sex. They were tested under 5 different conditions that had been de­
vised by combining two variables: an increasing number of stimulus 
alternatives (one, two or four) and unimanual versus bimanual per­
formance. This study was carried out to analyse the relation between 
and the differential capacities of simple and choice tasks. It turned 
out, that both simple reaction and a unimanual four-choice reaction 
were useful for further analysis of the slowing down in mental pro­
cesses after head inj ury. In particular the relation between simple 
and choice RT, or the slope of the curve connecting a patient's 
score on both tasks, appeared to be sensitive to severity of injury. 
This slope was steepest for the most severely inj ured subjects, sugges­
ting a reduction in the rate of information processing that was re­
lated to severity of injury. 
Although we excluded patients with manifest motor deficits in the 
upper limbs from our experiments, it seemed necessary to check more 
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thoroughly whether differences in motor performance between patients 
and controls were responsible for the differences observed in choice 
reaction time. Therefore a new apparatus was devised that enabled us 
to split up reaction time (RT) in a decision component and a movement 
component . It was demonstrated, that decision time was markedly pro­
longed afte� head injury even when motor performance was controlled 
for. Thus the conclusion was justified that the slowing down after 
injury is at least partially a result of a slowing down in central 
processes like decision making and response selection. 
In chapter 5 several longitudinal studies are reported . The first 
was carried out on head-injured patients who were followed during two 
year after their accidents, with repeated testing of simple and choice 
RT. The main aim of this investigation was the construction of reco­
very curves - in other words, to chart the time course of recovery. 
57 Young males were tested, who were divided in three subgroups of 
different severity of injury with duration of post-traumatic coma as 
an index of severity . RT discriminated between subgroups, and a 
highly significant improvement during follow-up was shown. Choice RT 
discriminated better, and continued to do so throughout the whole 
period of follow-up. Choice RT recovered to normal values in the 
mildly and moderately injured subgroups, but remained prolonged in 
the severely inj ured subgroup. On the other hand, simple RT remained 
slightly prolonged in all subgroups, and it was speculated that this 
was the result of a decreasing motivation for the simple task. Some 
relations of RT with clinical variables and outcome are discussed. In 
general, the choice task shows higher correlations with these varia­
bles than the simple task. It is concluded that the choice reacion 
in particular seems to be useful for monitoring recovery and pre­
dicting final outcome. 
Next two studies are described that were carried out to analyse re­
test effects in non-injured subjects. As patients were tested up to 
five times, part of their improvement could have been the result of 
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practice on the test, or more generally speaking, of retest effects. 
Therefore, a group of normal subj ects was tested twice with the simple 
and 4-choice task, with an interval of two months . No retest effects 
were found, while the test-retest reliability was satisfactory. Still, 
we felt the need to investigate retest effects in people tested more 
often than twice, and thus a new group of 1 2  young males was tested 
on five successive days. This time a retest effect was found in the 
choice task, but not in the simple task. These results implie, that 
part of the recovery in choice RT may have been a retest effect. At 
the same time, the hypothesis about a decreasing motivation for the 
simple task in the head-inj ured patients had to be rejected. Hence, 
the relative slowness of patients in the simple task must be taken 
as proof of remaining pathology, even in mildly injured patients 
as a group, and even after almost two years. 
In chapter 6 the results of our experiments are placed in a wider 
context, that is, in a theoretical analysis of attentional deficits 
after head inj ury. Attention has long been an ill-defined concept 
in psychology, and after World War II many theories were published 
in which three different approaches to the phenomenon can be distin­
guished. Attention is seen either as selectivity in behavior, or as 
speed of information processing, or as alertness (receptivity to 
external signals) .  Chapter 6 attempts to summarize the extensive 
literature on all three approaches in experimental psychology, and 
in addition the neuropsychological literature is reviewed in search 
of studies on the pathology of attention. 
Although attentional deficits have been mentioned frequently in cli­
nical descriptions of head-inj ured patients, only a modest crop is 
reaped when searching for experimental evidence on these deficits. 
At the time being, there is no evidence for a deficit in selectivity 
of focusing after head injury. There is, however, ample evidence 
for a deficit in attention in its second sense: speed of information 
processing. Central processes like decision making and response 
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selection clearly take more time in people having sustained head 
injuries. Still, more research is needed on more peripheral stages 
in the chain of events between stimulus and response :  is there in 
addition a disturbance in early pre-attentive stages of perception, 
and are there disturbances in motor speed? In our own laboratory, we 
found evidence that goal-directed movements are slowed down after 
head injury, and the relation between this phenomenon and central 
information processing deserves further analysis. 
Alertness after head injury has hardly been studied. There is some 
evidence that phasic alertness is non-optimal after severe injuries : 
it was demonstrated that patients do not prepare as well as control 
subjects to a signal that is to be expected immediately. Concerning 
tonic alertness it was demonstrated in our own laboratory with psycho­
physiological means that patients are certainly not under-aroused and 
do not show an unusual performance decrement over time during tests. 
The 6th chapter then elaborates the so-called coping hypothesis: this 
states that head-injured patients try to compensate for their cogni­
tive deficits by spending more mental effort in meeting the demands 
of daily life. When this compensation becomes chronic, it will pro­
duce symptoms that are also seen in people who have been living 
under emotional stress for longer periods . It is supposed that part 
of the post-traumatic syndrome consists of these secondary symptoms, 
in particular in patients with injuries of moderate severity. A dis­
cussion is added about damage to cerebral anatomical structures that 
could play a role in the slowing down of behavior. 
This chapter finally describes two experiments in which reaction time 
under distraction by irrelevant stimulation was tested. It was found, 
that patients were hindered disproportionately by irrelevant stimuli 
that appeared simultaneously with the relevant ones. The effect was 
interpreted as a result of response interference. This interpretation 
was based on a second experiment, on healthy young subjects, who 
performed the same distraction task with and without a warning signal 
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that reduced time-uncertainty. The results of the distraction experiment 
with the head-injured group must be seen as another example of slowing 
down in information processing after head injury : both normals subjects 
and patients are hindered by response interference, but the patients 
need much more time to deal with the problem. 
In chapter 7 the series of experiments reported in this dissertation 
are discussed in light of the statements in the introduction that 
neuropsychological research should objectify and analyse deficits 
after head injury, and should chart the time course of recovery. 
In addition, the results are judged on their ecological validity 
or usefulness outside the laboratory. 
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9. SAHENVATTING 
Dit proefschrift is gebaseerd op een serie eksperimenten die werden 
uitgevoerd bij patienten die wegens gesloten hersenletsel (contusio 
cerebri) werden opgenomen in de Neurologische Kliniek van het Aka­
demisch Ziekenhuis te Groningen, in de j aren 1972 tot 1980. Het boekje 
begint met een schets van de rol die de neuropsychologie zou moeten 
spelen in de onderzoekingen van traumatisch hersenletsel, en daarna 
wordt kort aangegeven hoe onze eigen onderzoekingen zich ontwikkeld 
hebben. Er werd begonnen met het meten van reaktiesnelheid op visuele 
signalen in de eerste maanden na het ongeval, maar hieruit ontstond 
een longitudinale studie waarin iedere patient twee j aar lang gevolgd 
werd met herhaalde metingen. Uiteindelij k verbreedde onze interesse 
zich tot het onderwerp van de aandachtstekorten, een onderwerp dat nauw 
samenhangt met reaktietijden via het begrip "snelheid van informatie­
verwerking". De tweede helft van het proefschrift geeft o.a. een theo­
retisch overzicht van aandachtstekorten, en een opsornming van de voor­
alsnog beperkte literatuur over dit onderwerp. 
Hoofdstuk 2 beschrijft de mechanica en de pathofysiologie van het geslo­
ten hersenletsel. De beschadigingen die bij traumatisch hersenletsel 
kunnen ontstaan worden grofweg ingedeeld in primaire mechanische 
effekten, en sekundaire pathofysiologische effekten. De mechanische 
effekten worden grotendeels verklaard door bestaande theorieen, met 
name de "skull distortion/ head rotation hypothesis" zoals die uit­
gewerkt is door Ornmaya en zij n medewerkers. Hetzelfde geldt nog niet 
voor de sekundaire beschadigingen van de hersenen door faktoren als 
een verstoorde autoregulatie van de cerebrale doorbloeding, hypoxie, 
bloedingen en oedeem. Echter, ook hier is de theorievorming in volle 
gang. De tweede helft van dit hoofdstuk behandelt .het post-traumatisch 
syndroom, een losse verzameling symptomen en klachten die in het 
verleden diverse polemieken aangaande haar oorsprong veroorzaakt heeft. 
Het denken over dit syndroom werd jarenlang beheerst door enkele metho­
dologisch zwakke onderzoekingen bij patienten die financiele claims 
bij verzekeringen .hadden lopen, op grond van hun ongeval. De klachten 
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werden vaak opgevat als tekenen van een "rente-neurose" of zelfs van 
"sirnuleren". Vanuit diverse vakgebieden is echter aangetoond, dat bij 
deze patienten subtiele defekten kunnen worden gerneten, hetgeen erop 
wijst dat een groot deel van de klachten na een hersenletsel een orga­
nische basis hebben. Gelukkig begint deze ontwikkeling ook rnerkbaar 
te worden in de klinische praktijk, waar ue klachten nu vaker serieus 
worden genornen en vaker beantwoord worden met uitvoerige inforrnatie 
en geruststelling van de betrokkenen. 
Hoofdstuk 3 geeft een overzicht van de literatuur over reaktietijden 
van rnensen met traumatisch hersenletsel. Ruesch (1944) was de eerste 
onderzoeker die deze methode bij hen toepaste. De meeste onderzoekingen 
gebruikten reaktietijden op visuele signalen, en meestal ging het daar­
bij om keuze-reakties (meer dan een stimulus- en response-alternatief) . 
Deze taken leken beter te diskrimineren tussen patienten- en controle­
groepen dan de eenvoudige reaktie. In dit overzicht wordt de ernst 
van de letsels systematisch in de beschouwing betrokken, in termen van 
de klassifikatie zeals die door Russell (1971) voorgesteld is, zie 
Appendix I. 
Hoofdstuk 4 beschrijft een pilot study die werd uitgevoerd bij 20 con­
tusiepatienten, in vergelijking met een kontrole groep van dezelfde 
leeftijd en sekse-verdeling. Zij werden ender vijf kondities getest, 
die ontworpen waren door de kombinatie van twee variabelen: een toe­
nemend aantal stimulus-alternatieven ( I ,  2 of 4 lampjes) en unimanuele 
versus bimanuele reaktie • . Deze verkennende studie werd uitgevoerd om de 
relatie tussen, en de verschillende kwaliteiten van eenvoudige versus 
keuze-taken te analyseren. Het bleek, dat zowel de eenvoudige reaktie 
als een unimanuele 4-keuze reaktie bruikbaar waren voor een verder 
onderzoek van de mentale traagheid na hersenletsel. Met name de relatie 
tussen eenvoudige en keuzereaktietijd (RT), of de hellingshoek van de 
kurve die de skores van een patient op beide taken verbindt, scheen 
gevoelig te zijn voor de ernst van het opgelopen letsel. Deze hel­
lingshoek was het grootst voor de zwaarst beschadigde proefpersonen 
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hetgeen een reduktie van de informatieverwerkingskapasiteit suggereert 
die samenhangt met de ernst van het letsel. 
Hoewel we patienten met duidelijke motorische defekten in handen en 
armen uitsloten van onze ekspirimenten, leek het toch nodig om uitvoe­
rig te onderzoeken of wellicht verschillen in motoriek de verschillen in 
reaktietijd tussen patienten en kontrole-proefpersonen bepaalden. 
Daartoe werd een nieuw apparaat gebouwd, waarmee de totale reaktietijd 
kon warden opgesplitst in een beslissingskomponent en een bewegings­
komponent. Er kon warden aangetoond, dat de beslissingstijd aanzienlij k 
verlengd was na hersenletsel , ook wanneer voor eventuele motorische 
verschillen eksperimenteel gekontroleerd werd. Ergo was de konklusie 
gerechtvaardigd dat de traagheid na hersenletsel minstens ten dele het 
gevolg is van een vertraging in centrale processen als beslissing 
en respons-selektie. 
In hoofdstuk 5 warden verschillende longitudinale studies beschreven. 
De eerste werd uitgevoerd bij 57 mannen met hersenletsel, die elk gedu­
rende twee j aar na het ongeval gevolgd werden, met herhaald testen van 
hun eenvoudige en keuze RT. Het belangrijkste doel van dit onderzoek 
was de konstruktie van herstelkurven - met andere woorden, het tijds­
verloop van het herstel in kaart brengen. De proefpersonen werden ver­
deeld in drie subgroepen, naar de graad van ernst van hun letsels als 
beoordeeld aan de hand van de duur van de bewusteloosheid na het ongeval. 
RT diskrimineerde goed tussen de subgroepen, en in de vervolgperiode was 
een zeer signifikant herstel zichtbaar. De keuze RT was over het gehele 
interval van twee jaar, beter in staat om de drie groepen van elkaar 
te onderscheiden clan de eenvoudige RT. In de lichte en matig bescha­
digde groep herstelde de keuze RT tot normale waarden, maar deze RT bleef 
verlengd in de zwaar beschadigde groep. Aan de andere kant bleef de 
eenvoudige RT in alle subgroepen licht verlengd, en de veronderstel­
ling was toen, dat dit het gevolg was van een �fnemende motivatie 
voor deze eenvoudige taak. Het hoofdstuk bespreekt tenslotte enkele 
verbanden tussen RT en klinische variablen. Over het algemeen korre­
leert de keuze RT hoger met deze variabelen clan de eenvoudige RT. 
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De konklusie is, dat vooral de keuze reaktie bruikbaar is om herstel te 
beoordelen en om de uiteindelijke afloop te voorspellen. 
Vervolgens worden twee onderzoekingen beschreven die hertest-effekten 
bij proefpersonen zonder hersenletsel bestudeerden. Omdat de patienten 
in het bovenstaande onderzoek vijf keer getest werden, zou de verbete­
ring in hun prestatie ten dele het gevolg kunnen zijn van oefening op 
de test, of algemener gesteld, van hertest-effekten. Daarom werd een 
groep gezonde proefpersonen tweemaal getest, met een tussentijd van 
twee maanden. 1-Iierbij werden geen hertest-effekten gekonstateerd, ter­
wijl de test-hertest betrouwbaarheid bevredigend bleek. Tech voelden we 
nog de behoefte om hertest-effekten te onderzoeken bij mensen die vaker 
dan twee keer getest werden, en daarom werd een nieuwe groep van 12 jon­
gemannen op vijf achtereenvolgende dagen getest . Nu was een hertest­
effekt zichtbaar in de keuze RT, maar niet in de eenvoudige taak. Dit 
houdt in, dat een deel van het herstel bij de patienten een hertest­
effekt geweest zou kunnen zijn. Tegelijk meet de hypothese worden los­
gelaten, dat de licht verlengde eenvoudige RT verklaard kon worden uit 
een afnemende motivatie. Ergo meet de relatieve traagheid van de pa­
tienten op de eenvoudige taak, zelfs in de lichte groep en zelfs nog 
na twee jaar, tech gezien worden als een aanwijzing voor lichte rest­
verschijnselen. 
In hoofdstuk 6 worden de resultaten van de beschreven onderzoekingen 
in een wijder verband geplaatst, n. l. in een theoretische analyse van 
aandachtstekorten na gesloten hersenletsel. Aandacht is een slecht ge­
definieerd begrip in de psychologie geweest, en na de Tweede Wereld­
oorlog werden vele theorieen gepubliceerd waarin drie verschillende 
benaderingen van het fenomeen onderscheiden kunnen worden. Aandacht 
wordt gezien als selektiviteit in het gedrag, of als snelheid van infor­
matieverwerking, of als alertheid (het openstaan voor signalen van bui­
ten). 1-Ioofdstuk 6 probeert de uitgebreide eksperimenteel-psychologische 
literatuur van de drie benaderingen samen te vatten, terwijl de neuro­
psychologische literatuur nagezocht is wat betreft onderzoek over 
aandachtsdefekten bij traumatisch hersenletsel. 
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Aandachtsdefekten warden vaak genoemd in klinische beschrijvingen van 
mensen met hersenletsel, maar als men eksp erimenteel bewij smateriaal 
zoekt dan valt de oogst tegen. Momenteel zijn er weinig aanwijzingen 
voor een defekt in de selektiviteit of het vermogen om te "focussen", 
na hersenbeschadiging. Wel is er veel bewijsmateriaal voor een tekort 
in de aandacht in de tweede betekenis van het woord: snelheid van 
informatieverwerking. Centrale proces sen als beslissen en het selek­
teren van responsen vragen duidelijk meer tijd bij mensen die hersen­
letsel hebben opgelopen dan bij gezonden. Echter, er client nog nader 
onderzoek te warden verricht naar mogelijke vertragingen in meer peri­
fere stadia in de keten van gebeurtenissen tussen stimulus en uiteinde­
lijke respons : bestaan er ook stoornissen in de vroege, pre-attentieve 
stadia van de waarneming, en is de snelheid van de motoriek gestoord? 
In ons eigen laboratorium werd gekonstateerd dat doelgerichte bewegin­
gen trager warden uitgevoerd, en de relatie tussen dit verschijnsel en 
de centrale informatieverwerking verdient verder onderzoek. Alertheid 
na hersenletsel is nog nauwelijks bestudeerd. Er is een aanwijzing, 
dat fasische alertheid niet optimaal is na ernstige letsels : men 
heeft aangetoond dat deze patienten zich minder goed voorbereiden 
op een signaal datonmiddel lijk verwacht kan warden. Inzake tonische 
alertheid werd met psychofysiologische methoden in ons laboratorium 
aangetoond dat patienten zeker niet "under-aroused" zijn, en dat ze 
geen ongewoon prestatie-verval vertonen in de loop van een test. 
Hoofdstuk 6 werkt vervolgens de zg. "coping hypothesis" uit: deze stelt, 
dat mensen met hersenletsels voor hun tekorten trachten te kompenseren 
door zich mentaal meer in te spannen om aan de eisen van het dagelijk­
se leven te voldoen. Als deze inspanning chronisch wordt, brengt ze 
symptomen voort die ook gezien worden bij mensen die lange tijd onder 
emotionele stress hebben geleefd. De veronderstelling is, dat een deel 
van het post-traumatische syodroom uit dergelijke sekundaire sympto­
men bestaat, vooral bij patienten met matig zware letsels. Tenslotte 
volgt een diskussie over beschadigingen van anatomische strukturen in 
de hersenen, die een rol zouden kunnen spelen in de vertraging die 
in het gedrag meetbaar is. 
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Het hoofdstuk beschrijft daarna twee eksperimenten waarin RT gemeten 
werd onder afleiding door irrelevante stimuli. Het bleek, dat patien­
ten veel sterker dan kontrole proefpersonen gehinderd werden door irre­
levante stimulatie die gelijktijdig met de relevante werd aangeboden. 
Dit effekt werd verklaard als een gevolg van respons-interferentie. 
Deze verklaring steunde op een eksperiment met gezonde proefpersonen, 
die dezelfde "distraktietaak" tweemaal uitvoerden, nl. met en zonder 
een waarschuwingssignaal dat de tijdsonzekerheid reduceerde. De resul­
taten van het distraktie-onderzoek bij patienten moeten opgevat worden 
als het zoveelste bewijs voor een vertraging van hun informatiev�rwer­
king: zowel gezonde proefpersonen als patienten worden door de respons­
interfentie gehinderd, maar de laatsten hebben veel meer tijd nodig 
om dit probleem op te lossen. 
In hoofdstuk 7 worden de eksperimenten uit dit proefschrift besproken , 
uitgaande van de stellingname in de inleiding over de rol van de 
neuropsychologie. Vervolgens wordt getracht de resultaten te beoorde­
len op hun ekologische validiteit, oftewel hun bruikbaarheid buiten 
het laboratorium. 
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CLASSIFICATION OF HEAD INJURIES ACCORDING 
TO W. RITCHIE RUSSELL 
Slight concussion transient disturbance 
of consciousness 






prolonged coma or 
stupor 
PTA under I hour 
PTA from I to 
24 hours 
PTA from I to 
7 days 
PTA over 7 days 
"It  seems desirable that the principle emphasis on the classification of 
head injuries should be on the effect of consciousness , both as regards 
the depth of unconsciousness and as regards the duration of disturbed 
consciousness . In this connection, the duration of deep coma is obviously 
important but difficult to assess without very frequent and expert 
examinations in the acute s tage of the i llness .  In the absence of this 
informat ion, the duration of PTA comes to occupy a unique position in the 
classification of closed head injuries , as the present s tudy clearly shows • 
. . • . • .  Of approximately 1 00 different signs and symptoms , PTA emerged as 
the most sens itive and reliable index of severity for cases without signs 
of focal damage, such as depressed fracture or intracranial hemorrhage".  
From: W. Ritchie Russell (197 1 ) ,  The traumatic amnesias . 
Oxford University Pres s .  

APPENDIX II 






0 without signs and symptoms 
with minor signs and symptoms 
not disturbing normal life 
2 clear signs and symptoms - pre­
traumatic activities can be 
resumed partially and with special 
measures 
3 pre-traumatic activities can be 
resumed at a much lower level, 
or not at all 
4 partially dependant on others 
in ADL activities 
5 dependant on others for the 
majority of ADL activities 
6 no verbal contact possible 
7 
Clinical outcome scale derived from that designed by Jennett and 
Bond (1975) . ADL = activities of daily living. For obvious 
reasons, in our experiments the range was restricted from O to S. 

